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(57) When a substrate layer (desired semiconductor 
crystal) made of a group III nitride compound Is grown 
on a base substrate comprising a lot of projection parts, 
a cavity In which a semiconductor crystal is not depos- 
ited may be fomned between each projection part al- 
though it depends on conditions such as the size of each 
projection part, arranging interval between each projec- 
tion part and crystal growth. So when the thickness of 
the substrate layer is sufficiently larger compared with 
the height of the projection part, inner stress or outer 
stress become easier to act Intensively to the projection 
part. As a result, such stress especially functions as 
shearing stress toward the projection part. When the 
shearing stress becomes larger, the projection part is 
ruptured. So utilizing the shearing stress enables to sep- 
arate the base substrate and the substrate layer easily. 
The largerthe cavities are formed, the more stress tends 
to concentrate to the projection parts, to thereby enable 
to separate the base substrate and the substrate layer 
more securely 

A reaction prevention layer is fonned to prevent Si 
from reacting with a gallium nitride group semiconduc- 
tor. By forming a reaction prevention layer (monocrys- 
talline material B) made of a material which has a higher 



melting point or themnai stability than that of a gallium 
nitride group semiconductor (semiconductor crystal A), 
e.g., SiC and AIN, on a base substrate (Si substrate), a 
reaction part described above is not formed around sil- 
icon interface when the gallium nitride group semicon- 
ductor (semiconductor crystal A) is grown by crystal 
growth for a long time. By fomriing a lot of projection 
parts, the gallium nitride group semiconductor (semi- 
conductor crystal A) also grows in lateral direction start- 
ing from a flat-top portion of the projection part. Then 
stress between the reaction prevention layer and the 
semiconductor crystal A is remarkably relaxed. Be- 
cause cracks which penetrate in longitudinal direction 
are hardly generated on the reaction prevention layer 
and the Si substrate can be completely Interrupted by 
the reaction prevention layer, reaction preventing effect 
becomes more secure. 

A seed layer comprising a GaN layer 103 (second 
seed layer) and an AIN buffer layer 1 02 (first seed layer) 
Is fonned on a sapphire substrate 1 01 and then the sur- 
face of the seed layer is etched in stripe pattern whose 
width of a stripe (width S of a seed) =5p.m, width W of 
a wing = 15[im and depth = 0.6p.m. Then mesas each 
of whose sectional form is a rectangular are formed, 
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each erosion remains part having plural numbers of 
seed layers at its flat-top portion is formed at arrange- 
ment period L N20[im and a portion of the sapphire sub- 
strate 101 is exposed at the valley part of each wing. 
Preferably ratio of width of a seed toward a wing, or S/ 



W, may be about 1/3. Then by growing the semiconduc- 
tor crystal A to have thickness of 50fim or more and by 
separating It from base substrate, a single crystal of high 
quality which Is independent from the base substrate Is 
obtained. 




2 



1 



EP 1 367 150 A1 



2 



Description 

Technical Field 

[0001] The present invention relates to a method for 
producing semiconductor crystal comprising a step of 
forming a substrate layer comprising group III nitride 
compound semiconductor on a base substrate using lat- 
eral crystal growth effect to thereby obtain a substrate 
for a crystal growth. 

[0002] And the present invention relates to a method 
for producing a semiconductor substrate by growing a 
crystal of group III nitride compound semiconductor on 
a base substrate consisting of silicon (Si). The present 
invention also relates to a group III nitride compound 
semiconductor device formed on such a semiconductor 
substrate obtained by above method. 
[0003] Further, the present invention relates to a 
method for growing a semiconductor crystal made of 
group III nitride compound semiconductor on abase 
substrate, to thereby obtain a semiconductor crystal 
which has excellent quality and is independent from the 
base substrate, 

[0004] And the present Invention can be applied to a 
production of a crystal growth substrate for various sem- 
iconductor devices represented by e.g., LEDs. 

Baclcground Art 

[0005] As shown in FIG. 10 and as Is widely known, 
when a group III nitride compound semiconductor such 
as gallium nitride (GaN) formed by crystal growth on a 
base substrate which Is made of, e.g., silicon (Si), is 
cooled to ambient temperature, a number of disloca- 
tions and cracks are generated in the grown nitride com- 
pound semiconductor layer. 

[0006] FIG. 11 is a schematic cross-sectional view 
showing a conventional semiconductor crystal formed 
on a Si substrate (a base substrate) by crystal growth. 
MOCVD is applied in a process of crystal growth of the 
semiconductor crystal. As shown in FIG. 11 , a semicon- 
ductor crystal (e.g. GaN crystal) grown at a high tem- 
perature on a Si substrate (base substrate) by using a 
conventional technique has a reaction part, dislocations 
and cracks. 

[0007] A conventional technique in which a semicon- 
ductor crystal consisting of a group ill nitride compound 
semiconductor is grown on a base substrate and a free- 
standing semiconductor crystal is obtained independ- 
ently from the base substrate is generally known as, for 
example, wet etching disclosed In a Japanese Patent 
Application Laid-Open (koka't) No. 7-202265 entitled 
"Manufacture of Group III Nitride Semiconductor" and a 
method comprising steps of growing a thick GaN (sem- 
iconductor crystal to be obtained) on a sapphire sub- 
strate by using HVPE or other process and removing 
the sapphire substrate by irradiating laser or polishing. 



Disclosure of the Invention 

[0008] When a number of dislocations and cracks are 
generated in the grown layer (nitride semiconductor lay- 
5 er), a number of lattice defects, dislocations, deforma- 
tion, cracks, etc., are generated in a device fabricated 
on the semiconductor layer, thereby deteriorating de- 
vice characteristics. 

[0009] When the base substrate consisting of silicon 

10 (Si) except for the grown layer is rem oved so as to obtain 
a free-standing substrate (crystal), the substrate cannot 
have larger area (Icm^ and bigger) because of disloca- 
tions and cracks described above. 
[001 0] Dislocations and cracks are occurred because 

15 of Stress which is generated owing to difference of ther- 
mal expansion coefficients and difference of lattice con- 
stants between different kinds of materials. So when 
such a crystal growth substrate is used for fabricating 
each kind of semiconductor devices, device character- 

20 istics of the device is deteriorated. 

[001 1] At the temperature for crystal growth of a ob- 
jective semiconductor substrate (semiconductor crystal 
A), or around 1000°Cto 11 50°C, silicon (Si) and gallium 
nitride (GaN) happen to react to form a polycrystalline 

25 GaN ("reaction part" in FIG. 10). As a result, It Is not 
easy to obtain a single crystalline GaN substrate by ap- 
plying a crystal growing process in a high temperature. 
[0012] In a conventional method, difference of ther- 
mal expansion coefficients and difference of lattice con- 

30 stants between the base substrate (e.g.: sapphire and 
silicon) and a group III nitride compound semiconductor 
results in applying stress to the objective single crystal 
(e.g.: GaN) when the semiconductor is cooled to ambi- 
ent temperature after growing process, thereby gener- 

35 ating a number of dislocations and cracks In the objec- 
tive single crystal. 

[0013] For example, when a nitride compound semi- 
conductor layer such as a gallium nitride (GaN) is 
formed by crystal growth on a base substrate made of, 

40 e.g., sapphire orsilicon (Si), and then the semiconductor 
layer is cooled to ambient temperature according to the 
above-described conventional method, difference of 
themrial expansion coefficients and difference of lattice 
constants generates stress, which generates a number 

^5 of dislocations and cracks in the nitride compound sem- 
iconductor layer. 

[0014] When a number of dislocations and cracks are 

generated in the grown layer (nitride semiconductor lay- 
er), a number of lattice defects, dislocations, deforma- 
50 tion, cracks, etc., are generated in a device fabricated 
on the semiconductor layer, thereby deteriorating de- 
vice characteristics. 

[001 5] Although the base substrate except for the ob- 
jective grown layer is removed so as to obtain a free- 
55 Standing substrate (crystal), the substrate cannot have 
larger area because of dislocations and cracks de- 
scribed above. When the objective single crystal is 
grown in a certain thickness, cracks are generated in 
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the objective single crystal even during the growth proc- 
ess. That easily causes problems such that small pieces 
are partially peeled off. 

[0016] The present Invention has been accomplished 
in order to overcome the aforementioned drawbacks. 
Thus, an object of the present invention is to produce a 
high quality semiconductor crystal (crystal growth sub- 
strate) having low dislocation density and no cracks and 
which have excellent characteristics. 
[0017] Other object of the present invention is to pro- 
duce a semiconductor crystal of high quality having no 
crack or polycrystalline lump (reaction part) by using sil- 
icon (Si) which can be provided at comparatively low 
cost as a base substrate. Other object of the present 
Invention is to produce semiconductor devices of high 
quality which are formed by using a high-quality semi- 
conductor crystal as a crystal growth substrate, 
[001 8] Other object of the present invention is to pro- 
duce a semiconductor of high quality crystal which is in- 
dependent from the base substrate. 
[0019] The following means may be useful to over- 
come the above-described drawbacks. 
[0020] That is, the first aspect of the present invention 
provides a method for producing a free-standing semi- 
conductor crystal which is independentfrom a base sub- 
strate, in which a substrate layer comprising group III 
nitride compound semiconductor is formed on the base 
substrate by applying a lateral crystal growth effect, 
comprising the steps of: projection part forming process 
for forming a number of a projection part on the base 
substrate; crystal growing process for growing the sub- 
strate layer by crystal growth until each grown surface 
is connected with each other and grows to become at 
least a series of approximately flat surface, using at least 
a portion of the surface of the projection part as an initial 
grown surface on which the substrate layer starts to 
grow; and separating process for separating the sub- 
strate layer and the base substrate by breaking the pro- 
jection part. 

[0021 ] As used herein, the term "group III nitride com- 
pound semiconductor" generally refers to a binary, ter- 
nary, or quaternary semiconductor having arbitrary 
compound crystal proportions and represented by Al^- 
Gayln(i.j(.y)N (0<x<1; 0<y<1;0<x+y<1). The 
group III nitride compound semiconductor of the present 
invention also encompasses such species containing a 
p-type or n-type dopant. 

[0022] In the present specification, the group III nitride 
compound semiconductor also encompasses semicon- 
ductors in which the aforementioned Group II! elements 
(Al, Ga, In) are partially substituted by boron (B), thal- 
lium (TI), etc. or in which nitrogen (N) atoms are partially 
substituted by phosphorus (P), arsenic (As), antimony 
(Sb), bismuth (Bi), etc. 

[0023] Examples of the p-type dopant which can be 
added include magnesium (Mg) and calcium (Ca). 
[0024] Examples of the n-type dopant which can be 
added include silicon (Si), sulfur (S), selenium (Se), tel- 



lurium (Te), and germanium (Ge). 
[0025] These dopants may be used in combination of 
two or more species, and a p-type dopant and an n-type 
dopant may be added simultaneously. 

5 [0026] For example, as shown in FIG. 1 , when a sub- 
strate layer (semiconductor crystal) made of group 111 
nitride compound Is formed on a base substrate having 
a number of projection parts, a cavity on which the sem- 
iconductor crystal Is not deposited can be obtained at 

10 each interval (or each sidewall) of the projection part by 
controlling the size of the projection part, arranging in- 
terval between each projection part, and each condition 
of crystal growth. So when the thickness of the substrate 
layer is sufficiently larger compared with the height of 

^5 the projection part, inner stress or outer stress become 
easier to act intensively on the projection part. As a re- 
sult, such stress especially functions as shearing stress 
toward the projection part. When the shearing stress be- 
come larger, the projection part is ruptured. So utilizing 

20 the shearing stress enables to separate (exfoliate) the 
base substrate and the substrate layer easily. By em- 
ploying this method, a free-standing crystal (substrate 
layer) can be obtained from the base substrate. 
[0027] The larger the above described cavity is 

25 formed, the easier the stress (shearing stress) becomes 
intensive. 

[0028] The projection part as explained above is 
formed as shown in FIG. 1. That limits contact part of 
the base substrate and the substrate layer (or a desired 

30 semiconductor crystal layer) narrowly, and distortion 
owing to difference of lattice constants of the base sub- 
strate and tiie substrate layer becomes difficult to be 
generated. As a result, the stress caused by difference 
of lattice constants of the base substrate and the sub- 

35 strate layer is relaxed. That surpresses unnecessary 
stress which acts to the growing substrate layer (desired 
semiconductor crystal) in crystal growing process and 
reduces generation of dislocations and cracks. 
[0029] A portion of a substrate layer may be left on 

40 the base substrate in a process of separating (exfolia- 
ting) the substrate layer and the base substrate. Also 
alternatively, a portion of the base substrate (e.g.: rup- 
ture remains) may be left on the substrate layer. That Is, 
completely removing the remains or portions of those 

45 layers, or completely separating each material of the 
substrate and the substrate layer, is not a premise (nec- 
essary condition) in the above-explained separating 
process. 

[0030] The second aspect is drawn to a method ac- 
50 cording to the first aspect wherein the substrate layer 
and the base substrate are cooled or heated to generate 
stress owing to difference of thermal expansion coeffi- 
cients of the substrate layer and the base layer and the 
projection part is broken by utilizing this stress. 
55 [0031] This method enables to generate stress de- 
scribed above more easily. 

[0032] The third aspect is drawn to a method for pro- 
ducing a semiconductor crystal in which a substrate lay- 
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er comprising group III nitride compound semiconductor 
is formed on the base substrate by employing a lateral 
crystal growth effect, comprising the steps of: forming 
process for fomning a number of projection part on the 
base substrate; and crystal growing process for growing 
the substrate layer by crystal growth until each grown 
surface is connected with each other and grows to be- 
come at least a series of approximately flat surface, us- 
ing at least a portion of the surface of the projection part 
as an Initial grown surface on which the substrate layer 
starts to grow. In this crystal growing process, the value 
of (b-a), or difference of crystal growth velocity 'b' of 
group III nitride compound semiconductor on the peak 
point of the projection part and crystal growth velocity 
'a' of group III nitride compound semiconductor on at 
least a portion of the exposed region of each valley part 
(concave) at each Interval of the projection parts of the 
base substrate, is controlled to become approximately 
maximum by controlling supply amount q of raw material 
of a group III nitride compound semiconductor. 
[0033] By applying this method, crystal growth veloc- 
ity around the peak part of the projection part becomes 
relatively larger, crystal growth around the exposed por- 
tions is comparatively suppressed and crystal growth 
around the peak point becomes dominant. As a result, 
degree of lateral growth (ELO, or epitaxial lateral over- 
growth) of the substrate layer starting from around the 
peak point of the projection part becomes remarkable 
and stress caused by difference of lattice constants of 
the base substrate and the substrate layer Is relaxed. 
Then, crystal structure of the substrate layer becomes 
stable and that reduces generation of dislocations and 
cracks in the substrate layer. 

[0034] For example, when degree of lateral growth 
(ELO) of the substrate layer is remarkable, sidewalis of 
the projection part (interface of each projection part) 
may have comparatively large cavities. 
[0035] As shown in FIG. 1, ruggedness having arbi- 
trary size and interval is fomied in arbitrary period on 
the surface of the base substrate, forexample, generally 
concave part (valley part) tends to have smaller amount 
of crystal material supply per a unit time and a unit area 
compared with the upper portion of convex part (projec- 
tion part) at the portion except for around peripheral 
sidewalis of the base substrate. The amount of crystal 
material supply also depends on flow rate, temperature 
and direction of crystal material gas. By controlling these 
conditions to be optimum and suitable, the difference 
(b-a) described above can be controlled to be the ap- 
proximately maximum value. 

[0036] The fourth aspect is drawn to the crystal grow- 
ing process according to the first or the second aspect, 
wherein the value of (b-a), or difference of crystal growth 
velocity 'b' of group III nitride compound semiconductor 
on the peak point of the projection part and crystal 
growth velocity 'a' of group III nitride compound semi- 
conductor on at least a portion of the exposed region of 
each valley part which is each interval of the projection 



parts of the base substrate, is controlled to become ap- 
proximately maximum by controlling supply amount q of 
raw material of a group ill nitride compound semicon- 
ductor. 

5 [0037] Here, as in the third aspect, stress caused by 
difference of lattice constants of the base substrate and 
the substrate layer which acts to the substrate layer in 
crystal growing process is relaxed and crystal structure 
of the substrate layer becomes stable and that reduces 
10 generation of dislocations and cracks. That can be rec- 
ognized remarkable comparatively when lateral growth 
is so remarkable that cavities are formed at each interval 
of projection part (sidewall of projection part). 
[0038] Also, when cavities are formed at each slde- 
15 wall of projection part (interval of projection part), shear- 
ing stress tends to concentrate on the projection part to 
thereby enable the base substrate and the substrate lay- 
er to separate with each other by the sheanng stress in 
the separating process. That can be recognized remark- 
et? ably in accordance with that cavities fomried in each in- 
terval of projection parts (sidewall of projection part) be- 
come larger. 

[0039] The fifth aspect is drawn to the crystal growing 
process according to the third or the fourth aspect 
25 wherein amount of material supply q is in a range from 
1 nmol/min to 100 ^mol/min. 

[0040] More preferably, the amount of material supply 
q is in a range from 5 fxmol/min to 90 |xmol/min. Although 
it depends on condition of the base substrate such as 

30 the size, shape and arranging interval of theformed pro- 
jection part, kind and direction of material supply, and 
conditions with respect to crystal growing process, the 
amount of material supply q is more preferably in a 
range from 10 ^imol/min to 80 jimol/mln. When this 

35 amount Is too large, it becomes difficult to obtain approx- 
imately the maximum value of the difference (b-a), and 
forming a large cavity at each interval of the projection 
part (sidewall of the projection part) also becomes diffi- 
cult. In this case, stress In a crystal which is generated 

^0 by difference of lattice constants becomes comparative- 
ly difficult to be relaxed and dislocations occur. As a re- 
sult, crystallinity of a single crystal in the substrate layer 
tends to be deteriorated, which Is not desirable. 
[0041] And, in a process of separating the base sub- 

45 strate and the substrate layer by using stress (shearing 
stress), when there is no cavity at sidewalis of the pro- 
jection part or cavities formed there are too small, stress 
can hardly concentrate on the projection part and it hard- 
ly ruptures. That is not desirable. 

50 [0042] And when amount of material supply q is too 
small, too much time is required for crystal growth, to 
thereby deteriorate productivity of the device. That Is not 
preferable. 

[0043] The sixth aspect Is drawn to the method ac- 
55 cording to one of the first to fifth aspects, wherein silicon 
(Si) or silicon carbide (SiC) is used as a material of the 
base substrate. 

[0044] Alternatively, GaN, AIN, GaAs, InP, CaP, MgO, 
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ZnO, and MgA!204 and so on may be used to form the 
base substrate. Also altematively, sapphire, spinel, 
manganese oxide, lithium gallium oxide (LiGa02), and 
molybdenum sulfur (MoS) may be used for the base 
substrate. 

[0045] But when the base substrate and the substrate 
layer are separated by using shearing stress according 
to difference of thermal expansion coefficients, it is pref- 
erable to choose a combination of materials which do 
not decrease difference of thermal expansion coeffi- 
cients of the materials. Also, a material which easily rup- 
tures is preferably used for the base substrate side. 
[0046] The seventh aspect is drawn to a method ac- 
cording to one of the first to sixth aspects, wherein Si 
(111) is used as a material of the base substrate and a 
projection part is formed so that SI (111) surface Is not 
exposed at the exposed part of the base substrate, 
which is a valley part at an interval between each pro- 
jection part. In the projection forming process. 
[0047] By employing this method, crystal growth ve- 
locity 'a' of the exposed surface of the valley portion can 
be decreased. As a result, the difference (b-a) can be 
controlled to be approximately maximum value while 
crystallinity of the base substrate is maintained. 
[0048] The eighth aspect is drawn to a method ac- 
cording to one of the first to the seventh aspects, further 
comprising a process for forming a buffer layer made of 
AljjGa^.xN (0<x^1 ) at least on the surface of the projec- 
tion part after the projection part forming process. 
[0049] Further, in addition to the buffer layer, a middle 
layer having approximately the same composition ratios 
as that of the buffer layer (e.g., A1 N or AIGaN) may be 
deposited periodically, altematively with other layer, or 
deposited so that the buffer layer compsises a multiple 
layer structure. 

[0050] By depositing such a buffer layer (or a middle 
layer), stress which Is generated by difference of lattice 
constants and acts to the substrate layer (grown layer) 
is relaxed by the same operation as the conventional 
one, to thereby enable to improve crystallinity. 
[0051] The ninth aspect is drawn to a method accord- 
ing to the eighth aspect, wherein thickness of the buffer 
layer is the same or less than a height of the projection 
part In longitudinal direction. As an absolute standard, 
a thickness of the buffer layer is preferably in a range of 
0.01 [im to 1p,m. 

[0052] By employing this method, only a desired crys- 
tal layer (e.g., GaN layer) formed on the buffer layer can 
be grown In lateral direction to have high quality. Accord- 
ingly, stress caused by difference of lattice constants of 
the base substrate and the substrate layer which acts 
to the crystal layer growing on the buffer layer is de- 
creased. As a result, dislocation concentration can be 
effectively decreased. 

[0053] Generally, a material such as AIN or AIGaN 
which is employed to form a buffer layer tends to cover 

approximately entire surface of the exposed portion of 
the base substrate, and GaN tends to be grown in lateral 



direction rather than A1N and AIGaN. But the present 
method enables to form a larger cavity at the sidewall 
of the projection part more securely. 
[0054] By employing this method, a large area of the 

5 crystal layer (a desired layer fonned on the buffer layer) 
is exposed directly when the substrate layer is separat- 
ed from the base substrate. As a result, decreasing elec- 
tric resistance becomes easier when an electrode is 
formed at the back surface of the substrate layer. 

10 [0055] Preferably, a thickness of the buffer layer is in 
a range of 0.01p,m to 1|xm. IVIore preferably range is from 
0.1 Jim to 0.5jim. If the buffer layer is too thick, cavities 
tend to become too small, which is not preferable. If the 
buffer layer is too thin, it becomes difficult to form the 

15 buffer layer unifomrily. Especially when unevenness of 
the buffer layer (a portion on which a crystal layer is not 
formed sufficiently) is occurred around the upper portion 
of the projection part, crystallinity of the substrate layer 
tends to become ununiform. That is not preferable. 

20 [0056] The tenth aspect is drawn to a crystal growing 
process according to one of the first to the ninth aspects, 
wherein a thickness of the substrate layer is 50|im or 
more. 

[0057] A thickness of the substrate layer (group III ni- 
25 tride compound semiconductor) on which a crystal layer 
is formed by crystal growth is preferably 50p.m or more. 
The thickerthe substrate layer is, the more tensile stress 
toward the substrate layer is relaxed, and that can de- 
crease generation of dislocations or cracks in the sub- 
30 strate layer. Further, that can strengthen the substrate 
layer at the same time, to thereby make it easier for 
shearing stress to concentrate on the projection part. 
[0058] The eleventh aspect is drawn to a crystal grow- 
ing process according to any one of the first to tenth as- 
35 pects, wherein the crystal growth method is changed 
halfway from a slower crystal growth to a faster crystal 
growth. 

[0059] For example, a crystal growth method (e.g. 
MOVPE) which may easily obtain approximately maxi- 

40 mum value of the difference (b-a) is employed until the 
crystal growth surface becomes approximately a series 
of one plate, and then a crystal growth method (e.g. 
HVPE) which may easily obtain thickness of 50|xm or 
more is employed. As a result, a semiconductor crystal 

45 having excellent quality can be obtained in a short time. 
[0060] The twelfth aspect Is drawn to a projection 
forming process according to any one of the first to elev- 
enth aspects, wherein each projection part is arranged 
at approximately constant interval or in approximately a 

50 constant period. 

[0061] As a result, lateral growth condition becomes 
generally and approximately equal, and ununiformity of 
crystallinity hardly occurs. By the time when the upper 
portion ofthevalley part at each interval of the projection 

55 parts is completely covered by the substrate layer, local 
ununiformity hardly occurs. Because of that, it becomes 
easier to decide the time when to change the crystal 
growth method halfway from a slower crystal growth to 
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a faster crystal growth exactly, early, and constantly. 
[0062] Also, by employing the present method, each 
cavity may have approximately the same size, and that 
enables shearing stress to be distributed uniformly at 
each projection part. As a result, each projection part is 
uniformly broken and the base substrate and the sub- 
strate layer can be separated securely. 
[0063] The thirteenth aspect is drawn to the projection 
forming process according to the twelfth aspect, where- 
in a projection part is formed on each lattice point of a 
two-dimensional triangle lattice wh ich is based on an ap- 
proximately equilateral triangle having a side In length 
of 0.1 nm or more. 

[0064] By employing this process, the method of the 
twelfth aspect can be carried out more concretely, pre- 
cisely and securely, to thereby securely decrease num- 
bers of dislocations. 

[0065] The fourteenth aspect is drawn to the projec- 
tion forming process according to any one of the first to 
thirteenth aspects, wherein a shape of the horizontal 
section of each projection part Is an approximately equi- 
lateral triangle, an approximately equilateral hexagon, 
an approximately circle and a quadrangle. 
[0066] By employing this process, each crystal axis 
direction of a crystal made of group III nitride compound 
semiconductor becomes easily arranged in order, or a 
horizontal length (thickness) of the projection part along 
a certain horizontal direction can be approximately con- 
stant, to thereby decrease numbers of dislocations. Es- 
pecially the sectional shape of each projection part is 
preferably an equilateral hexagon or an equilateral tri- 
angle because such a sectional shape tends to match 
the crystal structure of a semiconductor crystal. Also, 
the sectional fonn may be a circle or a quadrangle be- 
cause it is easy to be manufactured and is suitable to 
the general level of the present processing technology. 
[0067] The fifteenth aspect is drawn to the projection 
forming process according to any one of the first to four- 
teenth aspects, wherein an arranging interval (arrange- 
ment period) between each projection part is in a range 
of 0,1 ^im to 1 0jim, IVIore preferably, although It depends 
on a condition of crystal growth, arranging interval be- 
tween each projection part may be in a range of 0.5^m 
to 8[im. Here arranging interval between each projection 
part is a distance from one central point of a projection 
part to another which Is adjacent to each other. 
[0068] By employing this process, the substrate layer 
can cover the upper portion of a valley part between 
each projection part and a cavity can be formed between 
each projection part. 

[0069] When the arranging Interval between each 
projection part is too narrow, action of ELO can hardly 
be obtained, and crystallinity of a crystal layer is deteri- 
orated. Also, when the arranging interval is too narrow, 
cavities become too small and it becomes difficult to rup- 
ture the projection part unless a thickness of the sub- 
strate layer is enlarged beyond necessity. 
[0070] When the arranging interval between each 



projection part is too wide, the upper portion of the valley 
part between each projection part cannot be covered se- 
curely, and a crystal (substrate layer) having uniform 
and excellent crystallinity cannot be obtained. 

5 [0071] Also, when the arranging interval is too wide, 
the exposed portion of the valley part becomes too 
large, action of ELO can hardly be obtained and no cav- 
ity is formed. As a result, crystallinity Is deteriorated and 
it becomes difficult to rupture the projection part unless 

10 thickness of the substrate layer is enlarged beyond ne- 
cessity. 

[0072] The sixteenth aspect drawn to the projection 
forming process according to any one of the first to fif- 
teenth aspects, wherein height of the projection part in 

15 longitudinal direction is in a range of 0.5p.m to SO^im. 
More preferably, although It depends on a condition of 
crystal growth, height of the projection part in longitudi- 
nal direction may be in a range of O.Bjim to 5|j,m. 
[0073] When height of the projection part is too small, 

20 action of ELO can hardly be obtained as well as when 
there is no projection part, resulting in deteriorating the 
crystallinity of the growing crystal. Also when height is 
too small, cavities cannot be formed. 
[0074] When height of the projection part is too large, 

25 the condition becomes not desirable: forming a projec- 
tion part itself becomes difficult and takes time beyond 
necessity, and material used to fomn the base substrate 
is consumed beyond necessity. Also, when height is too 
large, shearing stress is scattered in longitudinal direc- 

30 tion of the projection part, to thereby make it difficult to 
rupture the projection part securely. 
[0075] The seventeenth aspect is drawn to the pro- 
jection forming process according to any one of the first 
to sixteenth aspects, wherein thickness in lateral direc- 
ts tion, width, or diameter of the projection partis in a range 
of 0.1 [im to lO^im. More preferably, although it depends 
on a condition of crystal growth, thickness in lateral di- 
rection, width, or diameter of the projection part maybe 
in a range of 0.5p,m to Sjim. 

40 [0076] When thickness of the projection part in lateral 
direction is too large, stress which acts to the substrate 
layer (grown layer) according to the difference of lattice 
constants becomes larger, and the number of disloca- 
tions of the substrate layer easily increases. Whenthick- 

45 ness of the projection part in lateral direction is too small, 
forming a projection part Itself becomes difficult or crys- 
tal growth velocity b of the upper portion of the projection 
part becomes slower. That is not desirable. 
[0077] Also, in a process of breaking the projection 

50 part by using stress (e.g. shearing stress), when thick- 
ness in lateral direction, width, or diameter of the pro- 
jection part is too large, portions of the projection part 
which cannot be ruptured securely increase. That is not 
desirable. 

55 [0078] Here stress which acts to the substrate layer 
(grown layer) generated by the difference of lattice con- 
stants does not depend on only thickness (length) of the 
projection part in lateral direction, but depends on an 
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arranging Interval between each projection part. If each 
range of the thickness (length) of the projection part and 
the arranging Interval are Inappropriate, stress which is 
generated by the difference of lattice constants be- 
comes larger, and dislocations Increase more easily In 
the substrate layer. That is not desirable. 
[0079] Because each of thickness in lateral direction, 
width, and diameter around the upper portion of the pro- 
jection part has its optimum value or appropriate range 
as mentioned above, the upper surface, the bottom sur- 
face, or the horizontal section is preferably In a shape 
which at least has a closed portion (island pattern) at 
least In a part. Preferably, the upper surface, the bottom 
surface, or the horizontal section of the projection part 
may be formed in a convex shape which is closed and 
is sticked out toward the outside. More preferably, it may 
be formed in a shape such as an approximately circle 
and an approximately equilateral triangle. By applying 
such conditions, the optimum value or the appropriate 
range as described above can be realized securely In a 
certain horizontal direction. 

[0080] The eighteenth aspect is drawn to a method 

according to any one of the first to seventeenth aspects, 
further comprising the steps of at least one of various 
kind of etching, electron rays Irradiation treatment, op- 
tical treatment such as Irradiating laser, chemical treat- 
ment, and a physical treatment such as cutting and 
grinding before the crystal growing process. Then crys- 
tallinity or molecule structure of at least a portion of the 
exposed region in the valley part between each projec- 
tion part formed in the. base substrate is deteriorated, 
and crystal growth velocity 'a' of a group III nitride com- 
pound semiconductor in the exposed region becomes 
slower. 

[0081] By employing this method, the difference of 
crystal growth velocities, or (b-a), can be enlarged. Ac- 
cordingly, because this method can relatively enlarge 
crystal growth velocity around the upper portion of the 
projection part, stress caused by difference of lattice 
constants of the base substrate and the substrate layer 
is relaxed as described above and dislocations at grow- 
ing the substrate layer and cracks are hardly generated 
is the substrate layer, 

[0082] The nineteenth aspect Is drawn to the separat- 
ing process according to any one of the first to eight- 
eenth aspects, wherein the substrate Is cooled to ap- 
proximately ambient temperature at a cooling rate of 
about -1 00*'C/mln to - 0,5*'C/mln under condition that the 
substrate comprising the base substrate and the sub- 
strate layer is remained in the reaction chamber and am- 
monia (NH3) gas Is flown at an approximately constant 
flowing rate in the reaction chamber of a growth appa- 
ratus. 

[0083] By employing such a method, for example, the 
separating process can be carried out while crystalllnity 
of the substrate layer Is kept excellent. 
[0084] The twentieth aspect is drawn to a method of 
the first to nineteenth aspects, further comprising a re- 



moving process for removing remains of ruptured pro- 
jection part remaining at the back surface of the sub- 
strate layer by using a chemical or physical treatment 
such as etching at least after the separating process. 

5 [0085] When an electrode of a device such as a light- 
emitting semiconductor device is formed on the back 
surface of the substrate (the surface from which the 
base substrate Is separated), ununlformity of electric 
current and electric resistance generated around an In- 

10 terface between the electrode and the substrate layer 
can be decreased by employing the process. That is re- 
sulting in decreasing driving voltage and Improving lu- 
minous Intensity. 

[0086] And when the electrode is used as a reflector 

15 of a device such as a light-emitting semiconductor de- 
vice, removing the remains of ruptured projection part 
enables to decrease absorption and scatter of light and 
improves reflectivity around the reflector. As a result, lu- 
minous intensity of the device increases. 

20 [0087] When this removing process is carried out by 
using, for example, a physical treatment such as polish- 
ing, even the buffer layer formed on the back side of the 
substrate layer can be removed and flatness of the back 
surface of the substrate layer may be Improved, As a 

25 result, the above-described effect such as suppressing 
ununlformity of electric current and electric resistivity 
and decreasing absorption and scatter of light around 
the reflector may be improved more. 
[0088] The twenty-first aspect is drawn to a group III 

30 nitride compound semiconductor light-emitting device 
comprising a semiconductor crystal which is manufac- 
tured by using any one method of the first to twentieth 
aspects for producing a semiconductor crystal as a crys- 
tal growth substrate. 

35 [0089] By employing this aspect, a group 111 nitride 
compound semiconductor light-emitting device can be 
produced or Is produced easily by using a semiconduc- 
torwhich has excel lent crystalllnity and less innerstress. 
[0090] The twenty-second aspect Is drawn to a group 

40 111 nitridecompound semiconductor light-emitting device 
comprising a crystal growth substrate, which is manu- 
factured by using the method for producing a semicon- 
ductor crystal according to any one of the first to twen- 
tieth aspects, as a crystal growth substrate, wherein the 

45 group 111 nitride compound semiconductor light-emitting 
device Is grown on the substrate by crystal growth. 
[0091] By employing this aspect, a group III nitride 
compound semiconductor light-emitting device can be 
manufactured easily by using a semiconductor which 

50 has excellent crystallinity and less inner stress. 

[0092] Through employment of the aforementioned 
aspects of the present Invention, the aforementioned 
drawbacks can be overcome. 

[0093] The twenty-third aspect is drawn to a method 
55 for producing a semiconductor substrate in which a 
semiconductor crystal A comprising group III nitride 
compound semiconductor is grown on a base substrate 
made of silicon (SI) by using lateral crystal growth, com- 
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prising steps of: a reaction prevention process for form- 
ing a reaction prevention layer, which is made of a ma- 
terial B whose melting point is higher than that of the 
semiconductor crystal A, on the base substrate; a pro- 
jection part forming process for forming numbers of pro- 
jection parts from the reaction prevention layer by em- 
ploying chemical or physical etching, without exposing 
the side of the base substrate on which the reaction pre- 
vention layer is formed; and a crystal growing process 
wherein at least a portion of the surface of the projection 
part is used as an Initial growth surface on which crystal 
growth of the semiconductor crystal A starts first, and 
the semiconductor crystal A is formed by crystal growth 
until each growth surface is connected to become a se- 
ries of an approximately flat surface. 
[0094] Here, the semiconductor substrate comprising 
the semiconductor crystal A may have a single layer 
structure. Alternatively, it may also have a multiple layer 
structure. 

[0095] As used herein, the term group 111 nitride com- 
pound semiconductor generally refers to a binary, ter- 
nary, or quaternary semiconductor having arbitrary 
compound crystal proportions and represented by Al^- 
Gayln(i.x.y)N (0<x<1 , 0<y<1, 0<x+y^1). A semiconduc- 
tor doped with p-type or n-type Impurity is also included 
in a group III nitride compound semiconductor described 
in the present specification. 

[0096] Group III elements (Al, Ga, In) may be partially 
replaced with boron (B) or thallium (Tl), and nitrogen (N) 
atoms may be completely or partially replaced with 
phosphorus (P), arsenic (As), antimony (Sb), orbismuth 
(Bi). Such a semiconductor may also be Included in "a 
group III nitride compound semiconductor" in the 
present specification. 

[0097] Examples of the aforementioned p-type impu- 
rity include magnesium (Mg) and calcium (Ca). 
[0098] Examples of the aforementioned n-type impu- 
rity include silicon (SI), sulfur (S), selenium (Se), telluri- 
um (Te), and gemianium (Ge). 
[0099] These impurities may be incorporated in com- 
bination of two or more species, and a p-type impurity 
and an n-type impurity may be incorporated in combi- 
nation. 

[0100] FIG. 5 illustrates a schematic cross-sectional 
view which explains a basic idea of a method for pro- 
ducing a semiconductorcrystal in the present invention. 
A reaction prevention layer is formed to prevent SI from 
reacting with a gallium nitride group semiconductor. By 
forming a reaction prevention layer (monocrystalline 
material B) made of a material whose melting point or 
thermal stability is higher than that of a gallium nitride 
group semiconductor (semiconductor crystal A), e.g., 
SIC and A1N, on a base substrate (Si substrate), a re- 
action part described above is not formed around silicon 
interface when the gallium nitride group semiconductor 
(semiconductorcrystal A) is grown by crystal growth for 
a long time. 

[0101] By fomning a lot of projection parts, the gallium 



nitride group semiconductor (semiconductor crystal A) 
also grows in lateral direction starting from a flat-top por- 
tion of the projection part. Then stress according to the 
difference of lattice constants of the reaction prevention 
5 layer and the gallium nitride group semiconductor crys- 
tal A hardly occurs, and the stress may be remarl<ably 
relaxed. 

[0102] By fomning a lot of projection parts, stress 
which acts to the reaction prevention layer is relaxed 

10 and hardly functions so as to form a crack on the reac- 
tion prevention layer in longitudinal direction. As a re- 
sult, cracks which penetrate the reaction prevention lay- 
er In longitudinal direction are hardly generated. And be- 
cause the base substrate (Si substrate) and the gallium 

'5 nitride group semiconductor (semiconductor crystal A) 
can be completely interrupted by the reaction prevention 
layer having no cracks which penetrate in longitudinal 
direction, generation of the above-described reaction 
part can be prevented more securely, 

20 [0103] By forming the projection part, for example, 
contact portion of the reaction prevention layer and the 
semiconductorsubstrate (that is, a desired semiconduc- 
tor crystal layer A) is limited narrowly, distortion owing 
to difference of lattice constants of the reaction preven- 

25 tion layer and the semiconductor substrate hardly grows 
larger, and stress caused by the difference of lattice con- 
stants of the base substrate and the semiconductorsub- 
strate Is relaxed. That enables to decrease unnecessary 
stress which acts to a growing semiconductor substrate 

30 when the semiconductor substrate (desired semicon- 
ductorcrystal A) grows by crystal growth, to thereby re- 
duce generation of dislocations and cracks. 
[0104] Owing to the stress relaxing action described 
above, dislocations hardly occurs in the gallium nitride 

35 group semiconductor (semiconductor crystal A), and 
generation of cracks can be remarkably reduced. 
[0105] According to those actions and their syner- 
gism, it becomes possible or easier to obtain a semicon- 
ductor substrate (semiconductorcrystal A) of high qual- 

"^0 ity whose dislocation concentration Is sufficiently con- 
trolled and which does not have reaction part and 
cracks. 

[0106] The buffer layer C In FIG. 5 may be inserted if 
necessary, and such a buffer layer may not be neces- 

45 sarily an essential component in order to carry out the 
present invention. That is, actions and effects of the 
present invention may be obtained properly or more 
than that even without a buffer layer. 
[01 07] The twenty-fourth aspect is drawn to a method 

50 of the twenty-third aspect, wherein the semiconductor 
crystal A comprises a group III nitride compound semi- 
conductor having a composition of AlxGayln(^.x.y)N 
(0<x<1, 0<y<1, 0<x+y<1). 

[0108] The twenty-fifth aspect is drawn to a method 
55 of the twenty-third or twenty-fourth aspect, wherein at 
least one of silicon carbide (SIC), aluminum nitride 
(Al N), and spinel (MgAl204) is used as monocrystalline 
material B forming the reaction prevention layer. 
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[0109] The twenty-sixth aspect is drawn to a method 
of the twenty-third or twenty-fourth aspect, wherein Al- 
GaN, AlInN, or AIGaInN, in which aluminum composi- 
tion ratio Is at least 0.30 or more, is used as monocrys- 
talllne material B forming the reaction prevention layer. 5 
Further, a material which has a lattice constant of less 
than 3.1 sA, comparatively strong interatomic binding 
energy, high thermal stability (fusing point) and high sta- 
bility may be preferably employed as monocrystalllne 
material B. io 
[01 1 0] The twenty-seventh aspect is drawn to a meth- 
od according to any one of the twenty-third to twenty- 
sixth aspects, wherein a cavity In which the semicon- 
ductor crystal A is not deposited is fomned at each Inter- 
val of the projection parts by growing each growth sur- '5 
face in lateral direction and connecting It with each other. 
[01 1 1 1 Such a cavity is preferably formed as large as 
possible. But when it is too large, it becomes difficult to 
obtain an approximately plane growth surface after it is 
connected with each other. And when the cavity is too 
small, stress relaxation caused by lateral growth be- 
comes smaller. So size of each cavity may be deter- 
mined carefully. 

[0112] The twenty-eighth aspect is drawn to a method 
according to any one of the twenty-third to twenty-sev- 25 
enth aspects, wherein thickness of the valley part of the 
reaction prevention layer between each projection parts 
Is in a range of 0.1 |im to 2|xm. 
[0113] When thickness of each reaction prevention 
layer at the valley part is too small. It cannot be formed 30 
even. And because the mono-crystalline material B is 
not a material with sufficient stability, gallium (Ga) or gal- 
lium nitride (GaN) and silicon (SI) cannot be completely 
interrupted. As a result, formation of reaction part (poly- 
crystalline GaN) may not be prevented sufficiently. 35 
[0114] When thickness of each reaction prevention 
layer at the valley part Is too large, cracks tends to be 
generated In the valley part of the reaction prevention 
layer, and gallium (Ga) or gallium nitride (GaN) and sil- 
icon (Si) cannot be completely interrupted. As a result, 40 
formation of reaction part may not be prevented suffi- 
ciently. 

[0115] When thickness of each reaction prevention 

layer at the valley part is too large, more time and ma- 
terials are needed to deposit the reaction prevention lay- ^5 
er, to thereby unfavorably Increase the production cost 
of the device. 

[01 1 6] The twenty-ninth aspect is drawn to the projec- 

tion part forming process according to any one of the 
twenty-third to twenty-eighth aspects, wherein the pro- 50 
jectlon part Is formed to have longitudinal length of 
O.Sjxm to 20nm. More preferably longitudinal length of 
the projection part may be in a range of 1p,m to S^im. 
[0117] When the projection part is too low, a cavity 
becomes smaller and lateral growth of the semiconduc- ss 
tor crystal A cannot be sufficient, to thereby provide in- 
sufficient stress relaxation action. That is not desirable. 
When the projection part is too high, more deposition 



time, etching time and materials are needed. That is not 
favorable to the production cost of the device. 
[0118] The thirtieth aspect Is drawn to the projection 
part fomnatlon profess according to any one of the twen- 
ty-third to twenty-ninth aspects, wherein the projection 
part is fonned to have lateral length, width, or diameter 
of 0.1 ^m to 10p.m. More preferably lateral length, width, 
or diameter of the projection part may be In a range of 
O.S^m to 5[im, although It depends on conditions for car- 
rying out crystal growth. 

[0119] When the width of the projection part is too 
large, influence of the stress which affects the semicon- 
ductor substrate (grown layer) according to the differ- 
ence of the lattice constants becomes larger, and the 
number of dislocations of the semiconductor substrate 
increases easily. When the width of the projection part 
is too small, the projection par itself is different to be 
formed and crystal growth velocity b of the upper portion 
of the projection part becomes small. That is not desir- 
able. 

[0120] The thirty-first aspect is drawn to a method ac- 
cording to any one of the twenty-third to thirtieth as- 
pects, further comprising a separation process for sep- 
arating the semiconductor crystal A and the base sub- 
strate, wherein stress owing to differences of thermal 
expansion coefficients is generated by cooling or heat- 
ing the substrate crystal A and the base substrate, and 
the projection part Is broken by using the stress. 
[0121] Forexample, when a semiconductor substrate 
(semiconductor crystal A) made of a group III nitride 
compound semiconductor is grown on the base sub- 
strate having a lot of projection parts as shown In FIG. 
5, a cavity on which the semiconductor crystal Is not de- 
posited can be fomned at each interval (side) of the pro- 
jection parts by controlling, e.g., size, Interval, and crys- 
tal growth conditions of the projection parts. According- 
ly, when the semiconductor substrate (semiconductor 
crystal A) is formed to have a sufficient thickness com- 
pared with height of the projection part, inner stress or 
outer stress becomes easy to act intensively to the pro- 
jection parts. As a result, especially these stress func- 
tion as shearing stress toward the projection parts. 
When the shearing stress becomes larger, the projec- 
tion parts rupture. 

[0122] Accordingly, the base substrate and the semi- 
conductor substrate can be easily separated (exfoliat- 
ed) by applying the stress. The larger the cavity is, the 
more easily stress (shearing stress) concentrates to the 
projection parts. 

[01 23] In short, according to the thirty-first aspect de- 
scribed above, the semiconductor crystal A and the 
base substrate can be easily separated because it be- 
comes easy to generate stress. 

[0124] When the base substrate and the semiconduc- 
tor substrate are separated (exfoliated), a part of the 
semiconductor substrate may remain on the base sub- 
strate side, or a part of the base substrate (e.g., rupture 
remains of the projection part) may remain on the sem- 
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iconductor substrate side. That is, this separation proc- 
ess does not necessarily require complete or perfect 
separation of each material with no remains. 
[0125] Such rupture remains may be removed by us- 
ing conventional methods such as wrapping and etching 
if necessary. 

[01 26] The th irty-second aspect is drawn to the crystal 
growing process according to any one of the twenty- 
third to thirty-first aspects, wherein the semiconductor 
crystal A Is deposited to have a thickness of 50p,m or 
more. 

[0127] The larger thickness of the semiconductor 
crystal A is, the more tensile stress to the semiconductor 
substrate (semiconductor crystal A) is relaxed. That de- 
creases generation of dislocations and cracks In the 
semiconductor substrate and at the same time strength- 
en the semiconductorsubstrate. As a result, it becomes 
easier to concentrate the stress to the projection part. 
[01 28] Preferably, thickness of the base substrate (SI 
substrate) is SOOfim or less. The smaller this thickness 
Is, the more the tensile stress to the semiconductor sub- 
strate (semiconductor crystal A) is relaxed. That results 
in decreasing generation of dislocations and cracks in 
the semiconductorsubstrate. But when thickness of the 
base substrate is less than 50p.m, a problem takes place 
In absolute strength of the base substrate itself, and high 
productivity of the device cannot be maintained. So in 
order to keep the quality and the productivity of the crys- 
tal growth substrate, the base substrate may preferably 
have thickness In a range of 50n.m to 300p,m. 
[01 29] Relatively, the semiconductor substrate (sem- 
iconductor crystal A) fomied by crystal growth may pref- 
erably have thickness which is approximately equivalent 
to or more than that of the base substrate (SI substrate). 
By applying such conditions, tensile stress to the semi- 
conductor substrate may be easily relaxed, to thereby 
decrease generation of dislocations and cracks in the 
semiconductor substrate remarkably compared with a 
conventional Invention. The largerthe relative thickness 
of the semiconductor substrate is, the more effect can 
be obtained. 

[0130] The thirty-third aspect is drawn to the crystal 
growing process according to any one of the twenty- 
third to thirty-second aspects, wherein the value of (b- 
a), or crystal growth velocity 'b' of group 111 nitride com- 
pound semiconductor on the peak point of the projection 
part minus crystal growth velocity 'a' of group 111 nitride 
compound semiconductor on at least a portion of the 
etched region of each concave, which is each inten/al 
of the projection parts of the base substrate, is controlled 
to become approximately maximum by controlling sup- 
ply amount q of raw material of a group III nitride com- 
pound semiconductor. 

[0131] By employing this process, crystal growth ve- 
locity of the top portion of the projection part becomes 
relatively large, crystal growth around the eroded part is 

comparatively suppressed, and crystal growth starting 
around the top portion of the projection part becomes 



dominant. As a result, lateral growth of the semiconduc- 
tor substrate (semiconductor crystal A) starting from the 
top portion of the projection part becomes remarkable, 
and stress caused by difference of lattice constants of 

5 the reaction prevention layer and the semiconductor 
substrate which acts to the semiconductor substrate in 
crystal growing process is relaxed. Thus crystal struc- 
ture of the semiconductor substrate becomes stable and 
dislocations and cracks hardly occur in the semiconduc- 

10 tor substrate. 

[01 32] And when epitaxial lateral overgrowth (ELO) of 
the semiconductor substrate becomes remarkable, for 
example, a comparatively large cavity tends to be 
formed at each side (each interval) of the projection part. 

15 [0133] When ruggedness is formed at the surface of 
the base substrate in an appropriate size at an appro- 
priate interval in an appropriate period, generally supply 
amount of crystal material per unit time and unit area 
tends to be smaller at the concave part (valley part) com- 

20 pared with the area around the upper surface of the con- 
vex part (projection part) except for the area around the 
peripheral sidewalls of the base substrate. That de- 
pends on flow rate, temperature, and direction of gas- 
flow of crystal materials. By controlling these conditions 

25 properly and optimally, the difference (b-a) may be con- 
trolled to be an approximately maximum value. 
[0134] The thirty-fourth aspect is drawn to a method 
according to the thirty-third aspect, wherein raw material 
supply q is arranged in a range of 1nmol/min to 

30 lOO^imol/mln. 

[0135] More preferably, raw material supply q may be 
In a range of Sjimol/mln to 90p.mol/min. Further prefer- 
ably, although it depends on conditions of the base sub- 
strate such assize, shape and arranging Interval of the 

35 projection part and conditions of crystal growth such as 
kinds and supplying direction of raw material, it may be 
around 10^mol/min to 80[imol/min. When the amount 
of raw material supply q is too large, it becomes difficult 
to control the difference (b-a) to be an approximately 

40 maximum value, and fomiing a large cavity at each in- 
terval (sidewall) of the projection part also becomes dif- 
ficult. At that time stress generated in crystal according 
to a difference of lattice constants hardly relaxed and 
dislocations occur. That results in deteriorating crystal- 

45 Unity of a single crystal in the semiconductor substrate, 
which is not desirable. 

[0136] And in a process of separating the base sub- 
strate and the semiconductor substrate by applying 
stress (shearing stress), stress is hardly concentrated 

50 to the projection part in case that there Is no cavity at 
each sidewall of the projection part or that cavities ex- 
isting there are too small. Then rupture of the projection 
part hardly occurs, which is not desirable. 
[0137] On the contrary, when the amount of raw ma- 

55 terial supply q Is too small, crystal growth takes too much 
time, which is not desirable for productivity of the device, 
[0138] The thirty-fifth aspect is drawn to any one 
method of the twenty-third to thirty-fourth aspects, 
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wherein a buffer layer C made of AI^Ga^.^N (0<x<1) Is 
formed on at least the surface of the projection part after 
the projection part fomnlng process. 
[0139] Here the buffer layer C is a semiconductor lay- 
er made of A1 N or AIGaN which grows at the tempera- s 
ture around 400*^0 to 1100°C. Alternatively, aside from 
the buffer layer C, a middle layer (it may be called just 
"a buffer layer" hereinafter) having almost the same 
compositions as those of the buffer layer C (e.g., A1N 
and AIGaN) may be further formed in the semiconductor io 
substrate (semiconductor crystal A) periodically, alter- 
natively with other layers, or deposited so that the mid- 
dle layer has a multiple layer structure. 
[0140] By depositing such a buffer layer (or a middle 
layer), stress caused by difference of lattice constants ^5 
and acting to the semiconductor crystal A may be re- 
laxed by the same action principle as that of the con- 
ventional one. As a result, crystallinity of the device is 
improved. 

[0141] Such action and effect may be seen remarka- 20 
ble especially when the monocrystailine material B con- 
structing the reaction prevention layer is such as silicon 
carbide (SiC). 

[0142] The thirty-sixth aspect Is drawn to a method 
according to the thirty-fifth aspect, wherein the buffer 25 
layer Is fonned to have thickness of 0.01 nm to l^irn. 
[0143] By employing this method, only a desired sem- 
iconductor crystal A (e.g. GaN layer) can be grown In 
lateral direction in excellent condition. 
[0144] As described above, the range about 0.01 jim 30 
to 1 ^im, may be suitable and preferable thickness of the 
buffer layer. More preferably, thickness of the buffer lay- 
er may be in a range of 0.1 ^m to 0.5[im. When the buffer 
layer is too thick, cavities become too small and that is 
not desirable. When the buffer layer Is too thin, it be- 35 
comes difficult to form the buffer layer to have almost 
unifomri thickness. Especially when the buffer layer has 
ununiformity (a portion where it is not grown properly) 
around the upper portion of the projection part, crystal- 
Unity of the buffer layer tends to be ununifomn, and that ^0 
is not desirable. 

[0145] The thirty-seventh aspect is drawn to the pro- 
jection part forming process of a method according to 
any one of the twenty-third to thirty-sixth aspects, 
wherein the projection part is arranged at an approxl- ^5 
mately equal interval or in an approximately equal peri- 
od. 

[0146] By employing this process, lateral growth con- 
dition becomes uniform at the entire part of the layer, 
and crystallinity of the buffer layer may hardly be ununi- so 
form. 

[0147] Also, because each cavity is formed in an ap- 
proximately equal size according to this method and 
shearing stress can be distributed to each projection 
part almost unifonnly, all the projection parts may be 55 
ruptured evenly and the base substrate and the semi- 
conductor substrate can be separated securely. 
[0148] Because the time interval until the semicon- 



ductor substrate completely covers the upper portion of 
the valley part existing between each interval of the pro- 
jection parts is hardly to be locally ununifomn, time for 
changing crystal growth methods from the one whose 
crystal growth velocity is slower to the faster one, for 
example, can be detemilned exactly, early, and unique- 
ly- 

[0149] The thirty-eighth aspect is drawn to the projec- 
tion part forming process according to the thirty-seventh 
aspect, wherein the projection part is formed on a lattice 
point of a two-dimensional triangle lattice which is based 
on an approximately equilateral triangle having a side 
in length of 0.1 jim or more. 

[0150] By applying this process, the fifteenth aspect 
can be carried out more concretely, precisely and se- 
curely. As a result, numbers of dislocations can be se- 
curely decreased. 

[0151] The thirty-ninth aspect is drawn to the projec- 
tion part forming process according to any one of the 
twenty-third to thirty-eighth aspect, wherein the shape 
of the horizontal section of the projection part is an ap- 
proximately equilateral triangle, an approximately equi- 
lateral hexagon, an approximate circle, an approximate 
rectangle, an approximate rhombus and an approxi- 
mate parallelogram. 

[0152] By employing this process, each crystal axis 
direction of a crystal made of a group 111 nitride com- 
pound semiconductor becomes easily arranged In or- 
der, or a horizontal length (width) of the projection part 
toward a certain horizontal direction can be approxi- 
mately constant, to thereby control the number of dislo- 
cations. Especially the sectional shape of the projection 
part is preferably an equilateral hexagon, an equilateral 
triangle or an equilateral parallelogram because such a 
sectional shape tends to match the crystal structure of 
a semiconductor crystal. Also, the sectional shape may 
be a circle or a rectangle because it is easy to manufac- 
ture and suitable to the general level of the present 
processing technology. 

[0153] The fortieth aspect is drawn to the projection 
part forming process according to anyone of the twenty- 
third to thirty-ninth aspects, wherein each projection part 
is arranged at an interval of 0.1 nm to 10p,m. More pref- 
erably, arranging interval of each projection part may be 
about O.Sjxm to 8^im although it depends upon condi- 
tions for carrying out crystal growth. Here arranging in- 
terval of each projection part represents a distance be- 
tween middle points of each two projection parts which 
are close to each other. 

[0154] By employing this process, the upper portion 
of the valley part of the desired semiconductor substrate 
(semiconductor crystal A) can be covered and at the 
same time a cavity can be obtained between each pro- 
jection part (valley part of the projection part). 
[0155] When arranging Interval of each projection part 
is too narrow, effect which may be obtained by employ- 
ing ELO method can hardly be expected, to thereby de- 
teriorate crystallinity of the grown crystal. At that case 
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cavities becomes too small, and the projection parts can 
hardly be ruptured unless the semiconductor substrate 
is formed to have unnecessarily large thickness. 
[0156] When arranging interval of each projection part 
is too wide, the upper portion of the valley parts of the 5 
projection parts cannot be covered securely by the sem- 
iconductor substrate, and that prevents from supplying 
a semiconductor substrate (semiconductor crystal A) 
having uniform crystallinity and excellent quality. 
[0157] When arranging interval of each projection part io 
Is too wide, the exposed portion of the valley part be- 
comes too large and the effect which may be obtained 
by employing ELO method can hardly be expected. As 
a result, no cavity is formed. 

[0158] The forty-first aspect is drawn to the reaction ^5 
prevention process according to any one of the twenty- 
third to fortieth aspects, wherein the reaction prevention 
layers are formed on the surface and the back surface 
of the base substrate. 

[0159] By employing this process, curving (distortion) 20 
of the base substrate (Si substrate) which may occur 

after the reaction prevention process can be prevented 
or relaxed. 

[0160] The forty-second aspect is drawn to a group ill 
nitride compound semiconductor device comprising the 25 
semiconductor crystal which Is fomned by the method of 

any one of the twenty-third to forty-first aspects as a 
crystal growth substrate. 

[0161] Accordingly, a group III nitride compound sem- 
iconductor device made of a semiconductor which has 30 
excellent crystallinity and less inner stress can be ob- 
tained or easily produced. 

[0162] The forty-third aspect is to fonn a group HI ni- 
tride compound semiconductor device by employing 
crystal growth in which a semiconductor crystal manu- 35 
factured by the method of any one of the twenty-third to 
forty-first aspects functions as a crystal growth sub- 
.strate. 

[0163] As a result, a group III nitride compound sem- 
iconductor device made of a semiconductor which has 40 
excellent crystallinity and less inner stress can be ob- 
tained or easily manufactured. 
[0164] The forty-fourth aspect is drawn to a method 
for producing a free-standing semiconductor crystal A 
having excellent quality and independent from a base ^5 
substrate on which a semiconductor crystal comprising 
a group III nitride compound semiconductor is grown, 
comprising the steps of: seed depositing process in 
which a seed layer having single layer structure or mul- 
tiple layer structure and comprising a group 111 nitride so 
compound semiconductor is deposited on the base sub- 
strate; erosion remains part forming process in which a 
portion of the base substrate on which the seed layer is 
deposited is eroded by chemical or physical treatment 
so that a seed layer remains on the base substrate par- ss 
tially or in scattered manner; crystal growing process in 
which the exposed portions of the erosion remains parts 
of the seed layer served as the Initial crystal growth 



fronts from which the semiconductor crystal A starts to 
grow by crystal growth and each crystal growth front is 
connected with each other until it becomes at least a 
series of approximately flat surface; and separation 
process for separating the semiconductor crystal A and 
the base substrate by breaking the erosion remains 
parts. 

[0165] IHere a group III nitride compound semicon- 
ductor generally includes a binary, ternary, or quater- 
nary semiconductor represented by a formula Al^.x.yG- 
ayln^N (0<x<1, 0<y^1, 0^1-x-y^1) and having an arbi- 
trary composition ratio. And a group III nitride compound 
semiconductor in the present specification further in- 
cludes a semiconductor doped with p-type or n-type im- 
purity. 

[0166] Alternatively, a semiconductor whose portion 
of the group III elements (Al, Ga, In) may be replaced 
with boron (B) or thallium (Tl), and a portion of nitrogen 
(N) may be replaced with phosphorous (P), arsenic (As), 
antimony (Sb), or bismuth (Bi) Is also included in a group 
ill nitride compound semiconductor of the present spec- 
ification. 

[0167] Examples of the p-type dopant which can be 
added include magnesium (Mg) and calcium (Ca). 
[0168] Examples of the n-type dopant which can be 
added include silicon (Si), sulfur (S), selenium (Se), tel- 
lurium (Te), and gennanium (Ge). 
[0169] These dopants may be used In combination of 
two or more species, and a p-type dopant and an n-type 
dopant may be added simultaneously. 
[01 70] Alternatively, the base substrate may be made 
of sapphire, spinel, manganese oxide, lithium gallium 
oxide (LiGa02), molybdenum sulfide (MoS), silicon (Si), 
carbon sillcide (SIC), AIN, GaAs, InP, GaP, MgO, ZnO, 
or MgAl204. In short, a well-known or arbitrary crystal 
growth substrate which is useful for crystal growth of a 
group ill nitride compound semiconductor may be used 
as materials to form the base substrate. 
[0171] More preferably, sapphire may be selected as 
a material to fomn the base substrate because of its re- 
action to GaN, difference of thermal expansion coeffi- 
cient and stability at high temperature. 
[0172] When an objective semiconductor crystal A 
comprising a group III nitride compound semiconductor 
is grown on the base substrate having a lot of erosion 
remains parts, the base substrate and the semiconduc- 
tor crystal A are connected by only the erosion remains 
part. Because of that, when thickness of the semicon- 
ductor crystal A is sufficiently large, inner stress or outer 
stress tends to act intensively to this erosion remains 
part. As a result, especially inner stress and outer stress 
function as shearing stress to the erosion remains part, 
and the erosion remains part is mptured when such 
stress becomes larger. 

[0173] That is, separating (exfoliating) the base sub- 
strate and the semiconductor crystal A becomes easier 
by applying stress according to the above-described 
method of the present invention. Then a free-standing 
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single crystal (semiconductor crystal A) which is inde- 
pendent from the base substrate may be obtained. 
[0174] Forming the erosion remains part limits contact 
part of the base substrate and the semiconductor crystal 
A narrower and distortion owing to difference of lattice 
constants of the base substrate and the semiconductor 
crystal A is hardly generated. As a result, stress caused 
by difference of lattice constants of the base substrate 
and the semiconductor crystal A is relaxed. That con- 
trols unnecessary stress which acts to the desired sem- 
iconductor crystal A in crystal growing process and re- 
duces generation of dislocations and cracks. 
[0175] Here "a lot of erosion remains parts" may be, 
for example, "a lot" as far as it is seen from the vertical 
section as in FIGS. 9A-9D, and It may be connected with 
each other to be one plane. Accordingly, when the sur- 
face of the striped shape (the erosion remains part) is 
formed to be a series of one-dimensional rectangle 
wave form, sharp sin wave form or spiral form, the same 
action and effect as in the present invention may be ob- 
tained. 

[0176] In the present invention, the erosion remains 
part is formed in a striped pattern. Alternatively, it may 
be formed in an island pattern of an approximately circle, 
approximately oval, approximately polygon or approxi- 
mately equilateral polygon on a horizontal plane in order 
to obtain the same action and effect as in the present 
invention. 

[01 77] Alternatively, when the base substrate and the 
semiconductor crystal A are separated (exfoliated), a 

portion of the semiconductor crystal A may remain on 
the base substrate side, and also a portion of the base 
substrate (e.g., ruptured remains of the erosion remains 
part) may remain on the semiconductor crystal A side. 
In short, this separation process does not necessarily 
require complete separation of each material with no re- 
mains. 

[0178] The forty-fifth aspect is drawn to the crystal 
growing process of the forty-fourth aspect, wherein the 
semiconductor crystal A is formed to have thickness of 
SOjim or more. Thickness of the semiconductor crystal 
A is preferably 50|im or more. The thicker the semicon- 
ductor crystal A is, the stronger crystallinlty of the sem- 
iconductor crystal A becomes and the easier the shear- 
ing stress can be concentrated to the erosion remains 
part. 

[01 79] Because of that, exfoliation may take place ac- 

cording to difference of lattice constants even at high 
temperature in a process of crystal growth. And after the 
exfoliation the stress owing to difference of thermal ex- 
pansion coefficients hardly acts to the semiconductor 
crystal A. As a result, dislocations and cracks never take 
place, to thereby obtain a high quality semiconductor 
crystal A (e.g., GaN single crystal). 
[0180] The forty-sixth aspect is drawn to the method 
according to the forty-fourth and forty-fifth aspect, 
wherein stress owing to difference of thennal expansion 
coefficients is generated by cooling or heating the sem- 



iconductor crystal A and the base substrate and the ero- 
sion remains part is broken by using this stress. 
[0181] In short, that rupture (exfoliation) may be 
caused by stress (shearing stress) according to differ- 

5 ence of themnal expansion coefficients of the semicon- 
ductor crystal A and the base substrate. 
[0182] According to this method, especially when the 
semiconductor crystal A Is formed to have thickness of 
50fim or more, the semiconductor crystal A and the base 

10 substrate can be ruptured securely while crystallinity of 
the semiconductor crystal A is kept excellent. 
[01 83] The forty-seventh aspect is drawn to the meth- 
od according to any one of the forty-fourth to forty-sixth 
aspects, wherein at least one of the seed layer and the 

15 uppermost layer of the seed layer is made of gallium 
nitride (GaN). As a composition of the semiconductor 
crystal A, gallium nitride (GaN) is the most optimum and 
very useful to form a crystal growth substrate of a sem- 
iconductor and is considered to have the highest indus- 

20 trial utility. Accordingly, by forming the seed layer or the 
uppermost layer of the seed layer with gallium nitride 
(GaN), crystal growth of an objective semiconductor 
crystal A (GaN single crystal) may be carried out most 
favorably. 

25 [0184] AIGaN and AlGaInN also have high industrial 
utility. So they may be alternatively used as composi- 
tions of the semiconductor crystal A, When those mate- 
rials are used, it may also be preferable to use a semi- 
conductor (group III nitride compound semiconductor) 

30 having comparatively close compositions or a semicon- 
ductor having the same compositions as those of the 
objective single crystal (semiconductor crystal layer A) 
to form at least one of the seed layer and the uppermost 
layer of the seed layer. 

35 [01 85] The forty-eighth aspect is drawn to the method 
according to any one of the forty-fourth to forty-seventh 
aspects, wherein at least one of the seed layer and the 
bottom layer of the seed layer is formed by using alumi- 
num nitride (A!N). 

40 [0186] Because a buffer layer may be formed by alu- 
minum nitride (AIN), well-known and conventional ef- 
fects for depositing the buffer layer (AIN) can be provid- 
ed to the buffer layer. In short, the well-known effect 
such as relaxing stress which owes to difference of lat- 

^5 tice constants and acts to the objective semiconductor 
crystal layer A by the buffer layer enables It easier to 
Improve crystallinity of the semiconductor crystal layer 
A. 

[0187] According to this method, the stress between 
50 the A1 N buffer layer and the base substrate can be en- 
larged and the base substrate can be separated more 
easily. 

[0188] Further, in order to obtain the effect sufficiently, 
the seed layer is, for example, formed to have two layer 
55 structure in which the lower layer is an A1 N buffer layer 
(first seed layer) and the upper layer is a GaN layer (sec- 
ond seed layer). Such a seed layer having multiple layer 
structure is very effective. Accordingly, actions and ef- 
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fects according to both the fourth and fifth aspects de- 
scribed above may be obtained. 
[0189] The forty-ninth aspect is drawn to the method 
according to any one of the forty-fourth to forty-eighth 
aspects, wherein each erosion remains part is arranged 
at an interval of 1^m to 50^im in the erosion remains part 
forming process. More preferably, arranging interval of 
each erosion remains part may be about 5[m to 30\Lm 
although it depends upon conditions for carrying out 
crystal growth. Here arranging interval of each erosion 
remains part represents a distance between middle 
points of each two erosion remains parts which are close 
to each other. 

[0190] By employing that, the upper portion of the val- 
ley part between each erosion remains part can be cov- 
ered by the semiconductor crystal A. 
[0191] When the arranging interval between each 
erosion remains part is too wide, the upper portion of 
the valley part between each erosion remains part can- 
not be covered by the semiconductor crystal A securely, 
and a crystal (semiconductor crystal A) having unifomri 
and excellent crystallinity cannot be obtained. 
[0192] Also, when the arranging Interval is too wide, 
deviation of crystal axis direction becomes remarkable, 
and that Is not desirable. 

[0193] When thickness in lateral direction, a width, or 
a diameter of the top portion of the erosion remains part 
is represented by S and the arranging interval (arrange- 
ment period) is represented by L, S/L may preferably be 
about 1/4. By applying that condition, lateral epitaxial 
overgrowth (ELO) of the desired semiconductor crystal 
A can be adequately promoted and a single crystal hav- 
ing high quality may be obtained. 
[01 94] The distance between sidewalls of the erosion 
remains part facing with each other is represented by W 
(=L-S) and the region between each sidewall (in short, 
each concave and each upper portion of the etched part) 
may be called a wing hereinafter. Also, the width S may 
be called a seed width hereinafter. Accordingly, ratio of 
the seed width toward a wing, or S/W, Is preferably about 
1/3. 

[0195] More preferably, erosion treatment may be 
carried out so that each erosion remains part is arranged 
at approximately a constant interval or in approximately 
a constant period. 

[0196] As a result, growth condition of lateral growth 
becomes generally and approximately uniform, and un- 
uniformity of crystallinity and thickness hardly occurs. 
The time until the upper portion of the valley part, or the 
interval between each erosion remains part, is com- 
pletely covered by the semiconductor crystal A, hardly 
have local ununiformity. Because of that, It becomes 
easier to decide the time when to change the crystal 
growth method halfway from a slower crystal growth to 
a faster crystal growth exactly, early, and constantly. 
[0197] Also, because the present method enables to 
distribute shearing stress uniformly at each erosion re- 
mains part, each erosion remains part ruptures uniform- 



ly and separation of the base substrate and the semi- 
conductor can be carried out securely. 
[0198] Accordingly, the erosion remains part may be, 
for example, fomned in a striped pattern of mesa shape 

5 and arranged in a constant interval to the same direc- 
tion. In forming such an erosion remains part, there may 
be an advantage that general etching In the present 
treatment technology level can be carried out easily and 
securely. At this time, direction of mesa (erosion re- 

10 mains part) may be <1 -1 00> or <11 -20> direction of the 
semiconductor crystal. 

[01 99] Also, it is useful to employ the process of form- 
ing the erosion remains part on a lattice point of a two- 
dimensional triangle lattice which Is based on an ap- 

15 proximately equilateral triangle having a side in length 
of 0.1 Jim or more. By employing this process, the area 
contacting to the base substrate can be smaller. That 
enables to decrease numbers of dislocations securely 
and separate the base substrate more easily. 

20 [0200] It is also useful to forni a horizontal section of 
the erosion remains part to be an approximately equi- 
lateral triangle, an approximate equilateral hexagon, an 
approximate circle and an approximate rectangle. 
[0201] By employing this process, each crystal axis 

25 direction of a crystal made of group III nitride compound 
semiconductor becomes easy to be arranged in order 
in all area, or a horizontal length (width) of the erosion 
remains part toward a certain horizontal direction can 
be approximately constant, to thereby decrease num- 

30 bers of dislocations. Especially the sectional form of the 
erosion remains part is preferably an equilateral hexa- 
gon or an equilateral triangle because such a sectional 
form tends to match the crystal structure of a semicon- 
ductor crystal. Also, the sectional fonn may be a circle 

35 or a quadrangle because It Is easy to manufacture and 
suitable to the general level of the present processing 
technology. 

[0202] The fiftieth aspect of the present invention Is 
to erode (etch) the base substrate to a depth of 0.01 ^m 

40 or more. According to the erosion treatment (e.g., etch- 
ing treatment), eroding a portion of the base substrate 
makes it easierto form even surface (crystal growth sur- 
face) of the objective semiconductor crystal A and fur- 
ther makes it easier to form cavities at each sidewall of 

45 the erosion remains part. The largerthe cavities are, the 
more stress (shearing stress) tends to concentrate to 
the erosion remains part. 

[0203] The fifty-first aspect Is drawn to the erosion re- 
mains part forming process according to any one of the 

50 forty-fourth to fiftieth aspects, wherein thickness In lat- 
eral direction, width, or diameter of the projection part 
is in a range of 0.1 ^m to 20jim. More preferably, al- 
though it depends on a condition of crystal growth, thick- 
ness In lateral direction, width, or diameter of the erosion 

55 remains part may be in a range of 0.5p,m to 1 0]xm. When 
thickness of the erosion remains part in lateral direction 
is too large, stress which acts to the semiconductor crys- 
tal A according to the difference of lattice constants be- 



15 



27 



EP 1 367 150 A1 



28 



comes larger, and the number of dislocations of the 
semiconductor crystal A becomes easy to increase. 
When thickness of the erosion remains part in lateral 
direction is too small, forming a erosion remains part it- 
self becomes difficult or crystal growth velocity b on the 5 
upper portion of the erosion remains part becomes slow- 
er. That Is not desirable. 

[0204] Also In a process of breaking the erosion re- 
mains part by using stress (e.g. shearing stress), when 
thickness in lateral direction, width, or diameter of the io 
erosion remains part Is too large, the area contacting to 
the base substrate becomes larger and portions of the 
erosion remains part which cannot be ruptured securely 
tend to increase. That is not desirable. 
[0205] Here magnitude of affection of stress which 15 
acts to the semiconductor crystal A and is generated by 
the difference of lattice constants does not only depend 
on thickness (length) of the erosion remains part in lat- 
eral direction, but depends on an arranging interval be- 
tween each erosion remains part. If each range of the 20 
thickness (length) of the erosion remains part and the 
arranging interval Is Inappropriate, stress which is gen- 
erated by the difference of lattice constants becomes 
larger, and dislocations occur more easily in the semi- 
conductor crystal A. That is not desirable. 25 
[0206] Because each thickness in lateral direction, 
width, and diameter around the upper portion of the ero- 
sion remains part has its optimum value or appropriate 
range as mentioned above, the upper surface, the bot- 
tom surface, or the horizontal section are preferably in so 
a shape which has a closed portion (island pattern) at 
least in a part. Preferably, the upper surface, the bottom 
surface, or the horizontal section of the erosion remains 
part may be formed in a convex shape which Is closed 
to stick out toward the outside. More preferably, it may 35 
be formed in a shape such as an approximately circle 
and an approximately equilateral triangle. By applying 
such conditions, the optimum value or the appropriate 
range described above can be realized securely in a cer- 
tain horizontal direction. 40 
[0207] The fifty-second aspect is drawn to the crystal 
growing process according to any one of the forty-fourth 
to fifty-first aspects, wherein the crystal growth method 
Is changed halfway from a slower crystal growth to a 
faster crystal growth. 45 
[0208] By changing crystal growth method halfway 
from the growing method in which lateral growth is faster 
to the growing method In which vertical growth is faster, 
for example, a semiconductor crystal A having excellent 
crystallinity may be obtained in a shorter time. so 
[0209] The fifty-third aspect is drawn to the method of 
any one of the forty-fourth to fifty-second aspects, fur- 
ther comprising the step of a remains removing process 
at least after the separation process wherein the rupture 
remains of the erosion remains part left on the back sur- 55 
face of the semiconductor crystal A is removed by chem- 
ical or physical treatment such as etching. 
[0210] When an electrode of a device such as a light- 



emitting semiconductor device is formed on the back 
surface of the semiconductor crystal A (the surface from 
which the base substrate Is separated), ununifomnity of 
electric current and electric resistance is generated 
around an interface between the electrode and the sem- 
iconductor crystal A. By employing the process, such 
ununiformity of electric current and electric resistance 
can be suppressed, resulting in decreasing driving volt- 
age and improving luminous intensity. 
[0211] And when the electrode is used as a reflector 
of a device such as a light-emitting semiconductor de- 
vice, removing the rupture remains of erosion remains 
part decreases absorption and scatter of light and Im- 
proves reflectivity around the reflector. As a result, lumi- 
nous intensity of the device increases. 
[0212] When this removing process is carried out by 
using, for example, a physical treatment such as polish- 
ing, even the buffer layer formed on the back surface of 
the semiconductor crystal A can be removed and flat- 
ness of the back surface of the semiconductor crystal A 
can be improved. As a result, the above-described effect 
such as decreasing ununiformity of electric current and 
electric resistivity and decreasing absorption and scat- 
ter of light around the reflector are improved more. 
[0213] Alternatively, the above treatment process 
may be heat treatment. When sublimation temperature 
ofthe region to be removed is lower than that of the sem- 
iconductor crystal A, unnecessary portions of the re- 
mains part may be removed by employing heating proc- 
ess or laser irradiation. 

[0214] The fifty-fourth aspect is drawn to a group 111 
nitride compound semiconductor light-emitting device 
comprising a semiconductor crystal which is manufac- 
tured by a method according to any one of the forty- 
fourth to fifty-third aspects, wherein the semiconductor 
crystal functions as a crystal growth substrate. 
[0215] By employing that, producing a group III nitride 
compound semiconductor light-emitting device made of 
a semiconductor which has an excellent crystallinity and 
little inner stress may become easier. 
[0216] The fifty-fifth aspect Is drawn to produce a 
group III nitride compound semiconductor light-emitting 
device being produced by a crystal growth on a crystal 
growth substrate which is produced by a method ac- 
cording to anyone of the forty-fourth to fifty-third aspects 
as a crystal growth substrate. 

[0217] By employing that, producing a group III nitride 
compound semiconductor light-emitting device made of 
a semiconductor which has an excellent crystallinity and 
little inner stress may become easier. 
[0218] When the seed layer has multiple layer struc- 
ture, a buffer layer made of AI^Ga^.^^N (0<x<1) is pref- 
erably formed as the first layer to be deposited in the 
seed layer. 

[021 9] Further, in addition to the buffer layer, a middle 
layer having approximately the same composition (e.g., 
AIN, AIGaN) may be formed periodically, alternatively 
with other layers, or deposited to form a multiple layer 



16 



29 



EP1 367150 A1 



30 



structure. 

[0220] By depositing such a buffer layer (or a middle 
layer), stress caused by difference of lattice constants 
and acting to the semiconductor crystal A may be re- 
laxed by the same action principle as the conventional 
one, to thereby improve crystallinity of the device. 
[0221] Alternatively, in the separation process, in or- 
der to decrease a temperature of the base substrate and 
the substrate crystal A, they may be preferably left in a 
reaction chamber of a growth apparatus and cooled to 
approximately ambient temperature at a cooling rate of 
about -100**C/min to -0.5°C/min under condition that 
ammonia (NH3) gas is flown at an approximately con- 
stant flowing rate. As a result, the separation process 
may be carried out by keeping crystallinity of the semi- 
conductor crystal A stable and excellent. 
[0222] Through employment of the aforementioned 
aspects of the present Invention, the aforementioned 
drawbacks can be overcome effectively and rationally. 

Brief Description of the Drawings 

[0223] 

FIG. 1 is a schematic perspective view of a part of 
a base substrate having projection parts and a sem- 
iconductor crystal which grows thereon. 
FIGS. 2A-2C are schematic perspective view, plan 
view, and sectional view of a base substrate (SI sub- 
strate) 1 01 according to the first embodiment of the 
present invention. 

FIGS. 3A-3C are schematic perspective view, plan 
view, and sectional view of a base substrate 1 01 on 
which a first substrate layer (AIGaN buffer layer) 
102a is formed. 

FIGS. 4A-4C are schematic perspective view, plan 
view, and sectional view of a base substrate 1 01 on 
which a substrate layer 102 (comprising a layer 
1 02a and a layer 1 02b) is fomaed. 
FIG. 5 is a schematic sectional view showing a 
method for producing a semiconductor crystal ac- 
cording to the present invention. 
FIGS. 6A-6C are schematic perspective view, plan 
view, and sectional view of a part of a base sub- 
strate (SI substrate) according to the second em- 
bodiment of the present invention. 
FIGS. 7A-7C are schematic perspective view, plan 
view, and sectional view of a base substrate on 
which a buffer layer C (AIGaN layer) is formed. 
FIGS. 8A-8C are schematic perspective view, plan 
view, and sectional view of a base substrate on 
which a semiconductor substrate (semiconductor 
crystal A) Is laminated. 

FIGS, 9A-9D are schematic sectional views show- 
ing a method for producing a semiconductor crystal 
according to a third embodiment of the present In- 
vention. 

FIG. 1 0 is a schematic sectional view of a semicon- 



ductor crystal formed on a conventional base sub- 
strate. 

FIG. 11 is a schematic sectional view of a conven- 
tional semiconductor crystal fomned on a Si sub- 
5 strate (base substrate). 

Best Mode for Carrying Out the Invention 

[0224] Embodiments of the present invention will next 
10 be described with reference to the drawings. Character- 
istic features of the present invention which have been 
described above is also the best mode for carrying out 
the invention, and the present invention is not limited to 
the below-described specific embodiments. 
15 [0225] In the following Example, a method for produc- 
ing a semiconductor crystal (crystal growth substrate) 
according to a first embodiment of the present invention 
will be described. Here the first embodiment corre- 
sponds to the first to the twenty-second aspects de- 
20 scribed above. 

(First embodiment) 

[1] Projection part forming process 

25 

[0226] As shown in FIGS. 2A-2C, projection parts 
101a each having diameter of approximately Ijam and 
height of approximately l^m are formed In an approxi- 
mately columnar shape on a Si (111) plane of a base 

30 substrate 101 made of Si single crystal at an Interval of 
about 2}xm through dry-etching using photolithography. 
Each of the projection part 1 01 a is arranged so that the 
center of the columnar bottom Is placed at each lattice 
point of a two-dimensional triangle lattice based on an 

35 approximately equilateral triangle whose edge is about 
2^m. Here a thickness of the base substrate 101 is 
about 200^m. 

[2] Crystal growing process 

40 

[0227] In the crystal growing process, the upper sur- 
face of the projection part 1 01 a (at an Initial state) is con- 
nected with each other to be a series of an approximate- 
ly plane growth surface of a crystal as shown in FIGS. 

45 4A-4C through metal-organic vapor phase epitaxy 
(hereinafter called "MOVPE"). After that the substrate 
layer (crystal layer) Is grown to have thickness of about 
200^m through halide vapor phase growth (HVPE). 
[0228] In this process, the following gasses were em- 

50 ployed: ammonia (NH3), carrier gas (H2 or N2), trimeth- 
ylgallium (Ga(CH3)3, hereinafter called 'TMG"), andtri- 
methylalumlnum (AI(CH3)3, hereinafter called "TI\/IA"). 

(a) The base substrate 101 on which projection 
55 parts 1 01 a are formed (shown in FIGS. 2A-2C) was 
placed on a susceptor in a reaction chamber for the 
MOVPE treatment after it has been cleaned by an 
organic washing solvent and acid treatment. Then 
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the base substrate 101 was baked at 1100°C In H2 
vapor fed into the chamber under normal pressure. 

(b) About 0.3p,m of AIGaN buffer layer (first sub- 
strate layer) 1 02a was formed on the base substrate 

101 by crystal growth through MOVPE under con- 5 
ditions controlled by keeping the temperature In the 
chamber to 1100°C and concurrently supplying H2, 
NH3, TMG, andTMA (FIGS. 3A-3C). 

(c) About 6^m of GaN layer 1 02b, which was a part 

of a second substrate layer, was formed on the Al- 10 
GaN buffer layer (first substrate layer) 1 02a by crys- 
tal growth under conditions controlled by keeping 
the temperature to 1075''C and concurrently sup- 
plying H2, NH3, and TMG. As a result, as shown in 
FIGS, 4A-4C, a portion of the second substrate lay- ^5 
er (GaN layer 102b) grows in lateral direction and a 
large cavity Is obtained at each valley part, or side- 
wall of the projection part 101a. 

Here supplying rate of TMG was about 40^Lmol/ 
min, and crystal growth velocity of the second sub- 20 
strate layer (GaN layer 102b) was about 1^tm/Hr. 

(d) Then the GaN layer (second substrate layer) 
102b was further grown by crystal growth through 
halide vapor phase growth (HVPE) until its thick- 
ness became 200[im. Crystal growth velocity of the 25 
GaN layer 1 02b though HVPE was about 45p,m/Hr. 

[3] Separating process 

[02291 30 

(a) After the crystal growing process, the base sub- 
strate 101 and the substrate layer 102 (comprising 
the AIGaN buffer layer 102a and the GaN layer 

1 02b) were cooled to ambient temperature under 35 
conditions of supplying ammonia (NH3) gas to a re- 
action chamber of the crystal growth apparatus. 
Here velocity of cooling the layers was about -SO^'C/ 
min to S^C/min. 

(b) The base substrate 1 01 and the substrate layer 40 

102 were taken from the reaction chamber of the 
crystal growth apparatus, and then GaN crystal ex- 
foliated (or peeled off) from the base substrate 1 01 
was obtained. Here the crystal obtained through 
this process was the GaN layer 1 02b on whose back ^5 
surface small pieces of remain of the AIGaN buffer 
layer 1 02a and rupture remains of the projection 
part 101a were left. 

[4] Rupture remains removing process so 

[0230] After carrying out the above separating proc- 
ess, rupture remains of the projection part 101a which 
was made of Si and remaining on the back surface of 
the GaN crystal were removed through etching treat- ss 
ment using a mixture of hydrofluoric acid and nitric acid. 
[0231] Accordingly, a GaN crystal (GaN layer 102b) 
having thickness of about 200fim and excellent crystal- 



linity, which Is a desired free-standing semiconductor 
substrate Independent from the base substrate 101, 
was obtained through the method described above. 
[0232] In the first embodiment, each projection part 
and valley part of the base substrate has a horizontal 
surface and a vertical surface as shown In FIGS. 2A-2C. 
Alternatively, the projection parts and valley parts may 
be constituted by an arbitral surface such as a slant face 
and a curved surface. Accordingly, sectional shape of a 
valley part formed on the base substrate as illustrated 
in FIG. 2C may be a concave shape of an approximately 
rectangle and also it may be formed In an approximately 
U shape or V shape. Generally conditions of a valley 
part such as shape, size, interval, arrangement, and ori- 
entation are arbitral. 

[0233] Next a second embodiment of the present in- 
vention will be described. Here the second embodiment 
corresponds to the twenty-third to the forty-third aspects 
described above. 

[0234] On carrying out the present invention, each 
producing condition may be chosen from the followlngs. 
Also each producing condition may be combined arbi- 
trary with each other. 

[0235] Firstly, Group III nitride compound semicon- 
ductor layers are preferably formed through metal-or- 
ganic vapor phase growth (MOGVD or MOVPE). Other 
growth methods, such as molecular-beam epitaxy 
(MBE), halide vapor phase growth (halide VPE), and liq- 
uid phase growth (LPE), may also be employed. More- 
over, the respective layers may be formed through dif- 
ferent methods, 

[0236] Preferably, a buffer layer Is appropriately pro- 
vided in the crystal growth substrate or formed on such 
as the base substrate, forseveral reasons, such as com- 
pensation of lattice mismatch. 

[0237] Particularly, when the buffer layer (intermedi- 
ate layer) is provided in the semiconductor substrate 
(the substrate crystal A), the buffer layer is preferably 
formed from a Group III nitride compound semiconduc- 
tor AI^Gayln^.^.yN (0<x<1; 0<y<1; 0<x+y<1) which Is 
formed at low temperature, more preferably AI^Ga^.^N 
(0<x<1 ). The buffer layer may be a single layer or a mul- 
ti-layer comprising a plurality of sub layers of different 
compositions. The buffer layer may be formed at a low 
temperature (380-420°C), or may be fonned at 
1 000-1 180°C through MOGVD. Alternatively, a buffer 
layer comprising AIN may be fonned through reactive 
sputtering by use of a DC magnetron sputtering appa- 
ratus, from high-purlty metallic aluminum and nitrogen 
gas serving as raw materials. 

[0238] The buffer layer comprising a compound sem- 
iconductor represented by formula Al^Gayln^.^.yN 
(0<x<1; 0<y<1; 0<x+y<1; arbitrary compositional pro- 
portions) can be formed through physical vapor deposi- 
tion such as vapor deposition, ion plating, laser ablation, 
or ECR. The buffer layer Is preferably formed through 
physical vapor deposition at 200-600°C, more prefera- 
bly 300-600^0, most preferably 350-450°C. The buffer 
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layer which is formed through physical vapor deposition 
such as sputtering preferably has a thickness of 
1 00-3,000 A, more preferably 1 00-400 A, most prefera- 
bly 1 00-300 A. 

[0239] A buffer layer of multi-layer type is formed 5 
through any of several methods. For example, an 
AlxGa^.xN (0<x^1 ) layer and a GaN layer are alternately 
formed, or a semiconductor layer of the same composi- 
tion Is alternately formed at different temperatures, such 
as 600°C or lower and 1000°C or higher. These two io 
methods may be employed in combination. The multi- 
layer buffer layer may be fonned by stacking at least 
three species selected from Group III nitride compound 
semiconductors represented by AI^Gayln^.x-yN (0<x<1 ; 
0<y<1 ; 0<x+y<1) . Generally, a buffer layer is made of ^5 
amorphous and an Intermediate layer Is made of 
monocrystalline. Repetitions of unit of a buffer layer and 
an intenriediate layer may be fonned, and the number 
of repetitions is not particularly limited. The larger the 
number of repetitions are, the greater the improvement 20 
in crystallinity becomes. 

[0240] The present invention is substantially applica- 
ble even when the composition of a buffer layer and that 
of a Group III nitride compound semiconductor formed 
on the buffer layer are such that a portion of Group III 25 
elements are replaced with boron (B) or thallium (Tl) or 
a portion of nitrogen (N) atoms are replaced with phos- 
phorus (P), arsenic (As), antimony (Sb), or bismuth (Bi). 
Also, the buffer layer and the Group III nitride compound 
semiconductor may be doped with any one of these el- 30 
ements to such an extent as not to appear In the com- 
position thereof. For example, a Group III nitride com- 
pound semiconductor which is represented by 
AI^Ga^. (0 ^x< 1) and which does not contain Indium 
(In) and arsenic (As) may be doped with indium (In), 35 
which is larger In atomic radius than aluminum (Al) and 
gallium (Ga), or arsenic (As), which is larger in atomic 
radius than nitrogen (N), to thereby improve crystallinity 
through compensation, by means of compression 
strain, for crystalline expansion strain induced by drop- 40 
ping off of nitrogen atoms. 

[0241] In this case, since acceptor impurities easily 
occupy the positions of Group 111 atoms, p-type crystals 
can be obtained as grown. Through the thus-attained 
improvement of crystallinity combined with the features ^5 
of the present invention, threading dislocation can be 
further reduced to approximately 1/100 to 1/1000. In the 
case of an underlying layer containing two or more rep- 
etitions of a buffer layer and a Group III nitride com- 
pound semiconductor layer, the Group III nitride com- so 
pound semiconductor layers are further preferably 
doped with an element greater in atomic radius than a 
predominant component element. When a light-emitting 
element is produced, use of a binary or ternary Group 
111 nitride compound semiconductor is preferred. 55 
[0242] When an n-type Group 111 nitride compound 
semiconductor layer is to be formed, a Group IV or 
Group Vi element, such as SI, Ge, Se, Te, or C, can be 



added as an n-type Impurity. A Group II or Group IV el- 
ement, such as Zn, Mg, Be, Ca, Sr, or Ba, can be added 
as a p-type impurity. The same layer may be doped with 
a plurality of n-type or p-type impurities or doped with 
both n-type and p-type Impurities. 
[0243] Dislocations occurring In a Group III nitride 
compound semiconductor layer can also be reduced 
through employment of lateral epitaxial growth. In this 
case, lateral epitaxial growth can be performed in an ar- 
bitrary manner; e.g., by use of a mask or through em- 
ployment of etching for leveling a step and supplying the 
step as seed for executing ELO between steps. 
[0244] The aforementioned etching mask may be 
formed from a polycrystalllne semiconductor such as 
polycrystalline silicon or polycrystalllne nitride semicon- 
ductor; an oxide or nitride such as silicon oxide (SiOJ, 
silicon nitride (SiN^), titanium oxide (TIO^), or zirconium 
oxide (ZrO^) ; or a high-meltlng-point metal such as ti- 
tanium (Tl) or tungsten (W). A multi-layer film of these 
materials may also be employed. The film can be formed 
through any film fomriatlon method such as vapor phase 
growth (e.g., vapor deposition, sputtering, orCVD). 
[0245] Although reactive ion beam etching (RIBE) Is 
a preferred etching method, any other etching method 
can also be employed, A step having a surface of a side 
wall which is not normal to the substrate plane may be 
formed. For example, a step which does not have a flat 
surface on the bottom of the substrate and which has a 
V-shape cross-section may be formed through aniso- 
tropic etching. 

[0246] A semiconductor device, such as an FET or a 
light-emitting device, can be formed on the aforemen- 
tioned Group 111 nitride compound semiconductor. In the 
case where a light-emitting device is formed, a light- 
emitting layer may have a multi-quantum well (IVIQW) 
structure, a single-quantum well (SQW) structure, a ho- 
mo-structure, a single-hetero-structure, or a double-het- 
ero-structure, or the layer may be fonned by means of, 
for example, a pin junction or a pn junction. 
[0247] Embodiments of the present Invention will next 
be described. The present invention is not limited to the 
embodiments described below. 

(Second Embodiment) 

[0248] In the following Example, a method for produc- 
ing a semiconductor crystal (crystal growth substrate) 
according to a second embodiment of the present In- 
vention will be described. 

[1] Reaction Prevention process 

[0249] A reaction prevention process is a process for 
depositing a reaction prevention layer on a base sub- 
strate (Si substrate). 

[0250] In this process, first, about 1 .S^m in thickness 
of a reaction prevention layer made of silicon carbide 
(SIC) is formed on the Si (111) substrate through chem- 
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ical vapor deposition (CVD). In order to prevent a wafer 
from curving, a SiC filnn may be formed on both the sur- 
face and the back surface of the substrate. Alternatively, 
the silicon carbide (SiC) may be formed through metal- 
organic vapor phase growth (IVIOCVD). 

[2] Projection part forming process 

[0251] Projection parts B1 each having diameter of 
approximately 1|im and a height of approximately 1}im 
are formed in an approximately columnar shape on the 
reaction prevention layer at an interval of about 2\in\ 
through dry-etching using photolithography (FIG. 6). 
Each of the projection part B1 is arranged so that the 
center of the columnar bottom Is placed at each lattice 
point of a two-dimensional triangle lattice based on an 
approximately equilateral triangle whose edge is about 
2p.m. Here athici<nessofthe base substrate 111 is about 
200|i.m. 

[3] Crystal growing process 

[0252] In the crystal growing process, the upper sur- 
face of the projection part B1 (at an Initial state) is con- 
nected with each other to be a series of an approximate- 
ly plane growth surface of a crystal as shown in FIGS. 
8A-8C through metal-organic vapor phase epitaxy 
(hereinafter called "MOVPE"). After that the substrate 
layer (crystal layer) is grown to have a thicl<ness of about 
200^im through halide vapor phase growth (HVPE). 
[0253] In this process, the following gasses were em- 
ployed: ammonia (NH3), carrier gas (H2 or N2), trimeth- 
ylgallium (Ga(CH3)3, hereinafter called "TMG"), and tri- 
methylaluminum (AI(CH3)3, hereinafter called "TMA"), 

(a) The base substrate on which the projection parts 
81 are formed (shown in FIGS. 2A-2C) was placed 
on a susceptor in a reaction chamber for the 
MOVPE treatment after it has been cleaned by an 
organic washing solvent and acid treatment. Then 
the base substrate 1 01 was baked at 1100°C In 
vapor fed into the chamber under nomial pressure. 

(b) About 0.2^m of AIGaN buffer layer (buffer layer 
C) was formed on the base substrate by crystal 
growth through MOVPE under conditions controlled 
by keeping the temperature In the chamber to 
11 00*^0 and concurrently supplying H2, NH3, TMG, 
and TMA (FIGS. 3A-3C). 

(c) About S^im of GaN layer A, which is a part of a 
second substrate layer, was formed on the AIGaN 
buffer layer (buffer layer C) by crystal growth under 
conditions controlled by keeping the temperature to 
1075°C and concurrently supplying H2, NH3, and 
TMG. As a result, as shown in FIGS. 8A-8C, a por- 
tion of the semiconductor substrate (GaN layer A) 
grows in lateral direction and a large cavity is ob- 
tained at each valley part, or sidewall of the projec- 
tion part 81 . 



Here supplying rate of TMG was about 40p.mol/ 
min, and crystal growth velocity of the GaN layer 
(semiconductor crystal A) was about 1jinrj/Hr. 
(d) Then the GaN layer (semiconductor crystal A) 
5 was further grown by crystal growth through halide 
vapor phase growth (HVPE) until its thickness be- 
came 200^m. Crystal growth velocity of the GaN 
layer 102b though HVPE was about 45jim/Hr. 

10 [4] Separating process 

[0254] 

(a) After the crystal growing process, a wafer com- 
15 prising the base substrate (Si substrate) was cooled 
to ambient temperature under conditions of supply- 
ing ammonia (NH3) gas to a reaction chamber of 
the crystal growth apparatus. Here velocity of cool- 
ing the layers may be about -50**C/min to-5°C/min. 
20 (b) The wafer comprising the base substrate (SI 
substrate) was taken from the reaction chamber of 
the crystal growth apparatus, and then GaN crystal 
(semiconductor crystal A) exfoliated (or peeled off) 
from the base substrate (Si substrate) was ob- 
25 tained. Here the crystal obtained through this proc- 
ess was the GaN layer (semiconductor substrate) 
on whose back surface small pieces of remain of 
the AIGaN buffer layer C and rupture remains of the 
projection part 81 were left. 

30 

[5] Rupture remains removing process 

[0255] After carrying out the above separating proc- 
ess, rupture remains of the projection part 81 which was 

35 made of Si and remaining on the back surface of the 
GaN crystal were removed through wrapping process. 
[0256] Here this removing process may be carried out 
through etching treatment using a mixture of hydrofluo- 
ric acid and nitric acid. 

40 [0257] Accordingly, a GaN crystal (GaN layer) having 
a thickness of about 200\im and excellent crystallinity, 
which is a desired free-standing semiconductor sub- 
strate (semiconductor crystal A) independent from the 
base substrate, was obtained through the method de- 

45 scribed above. 

[0258] Alternatively, materials such as A1N and 
AI^Ga^.^N (0.30<x^1) may be used as monocrystalline 
material B for forming the reaction prevention layer to 
obtain approximately same action and effect as in this 

50 embodiment. More generally, silicon carbide (SiC, 
3C-SiC), aluminum nitride (AIN), spinel (MgAl204), or 
AIGaN, AlInN and AIGalnN whose aluminum composi- 
tion ratio is at least 0.30 and more may be used as 
monocrystalline material B for forming the reaction pre- 

55 vention layer. 

[0259] The semiconductor crystal A which fomns an 
objective semiconductor substrate is not limited to gal- 
lium nitride (GaN) but may be selected from the above- 
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mentioned group 111 nitride compound semiconductor. 
[0260] Alternatively, the objective semiconductor sub- 
strate (semiconductor crystal A) may have a multiple 
layer structure. 

[0261] In the second embodiment, each projection 
part and valley part of the base substrate is constituted 
by a horizontal surface and a vertical surface as shown 
in FIGS. 6A-6C. Alternatively, the projection parts and 
valley parts may have an arbitral surface such as a slant 
face and a curved surface. Accordingly, sectional shape 
of a valley part fomned on the base substrate as illus- 
trated In FIG. 2C may be a concave shape of an approx- 
imately rectangle and it may be fomned in an approxi- 
mately U shape or V shape. Generally conditions of a 
valley part such as shape, size, Interval, arrangement, 
and orientation are arbitral. 

[0262] Next a third embodiment of the present inven- 
tion will be described. Here the third embodiment corre- 
sponds to the forty-fourth to the fifty-fifth aspects de- 
scribed above. 

[0263] On carrying out the present invention, each 

producing condition may be chosen from the followings. 
Also each producing condition may be combined arbi- 
trary with each other. 

(Third Embodiment) 

1 . Seed depositing process 

[0264] In this embodiment, a seed layer (group HI ni- 
tride compound semiconductor) comprising a first seed 
layer (AIN buffer layer 102) and a second seed layer 
(GaN layer 103) was formed through metal-organic va- 
por phase epitaxy ("MOVPE" hereinafter). In this proc- 
ess, the following gasses were employed: ammonia 
(NH3), carrier gas (H2 or N2), trimethylgallium (Ga 
(CH3)3, hereinafter called 'TMG"), and trimethylalumi- 
num (AI(CH3)3, hereinafter called "TMA"). 
[0265] FIGS. 9A-9C are schematic sectional views of 
a semiconductor crystal illustrating producing process 
of the semiconductor crystal of the present invention. 
[0266] First, a sapphire substrate 101 (base sub- 
strate) which is 1 inch square and has a thickness about 
250^Lm was cleaned by organic washing solvent and 
heat treatment (baking). Then about 200nm in thickness 
of AIN buffer layer 1 02 (first seed layer) was formed by 
crystal growth on a main surface 'a' of the single crys- 
talline base substrate 101, which serves as a crystal 
growth surface, under conditions controlled by keeping 
the temperature about 400°G and concurrently supply- 
ing H2, NH3 and TMA at a flow rate of 10 liter/mln., 5 
liter/min. and 20p,mol/min., respectively. 
[0267] About I.Bp.m of GaN layer 103 (second seed 
layer) was formed on the AIN buffer layer 1 02 under con- 
ditions controlled by raising the temperature of the sap- 
phire substrate 1 01 to 1 000°C and concurrently supply- 
ing H2, NH3 and TMG at a flow rate of 20 liter/min., 10 
liter/min. and SOO^imol/min., respectively (FIGS. 9A- 



9D). 

2. Erosion remains part forming process 

5 [0268] By use of a hard bake resist mask, stripe- 
shaped erosion remains parts were formed at arrange- 
ment period m20p.m through selective dry etching em- 
ploying reactive ion etching (RIE) (FIG. 9B). 
[0269] That is, width of a stripe (width S of a seed) = 

10 5^m and width W of a wing = 1 5p.m. Etching was carried 
out In a stripe pattern until the substrate is etched in 
depth of O.lnm, to thereby form erosion remains parts 
whose sectional view is approximately a rectangular 
shape. The resist mask was formed so that the sidewalls 

'5 of the stripe-shaped erosion remains parts were caused 
to serve as the {1 1 -20} planes of the GaN layer 1 03 (sec- 
ond seed layer). By carrying out this etching, the stripe- 
shaped erosion remains parts which has a seed layer 
comprising the GaN layer 103 (second seed layer) and 

20 the A1 N buffer layer 1 02 (first seed layer) on the top sur- 
face were formed approximately periodically and a por- 
tion of the sapphire substrate 101 was exposed at the 
valley part of the wing. 

25 3. Crystal growing process 

[0270] Next, an objective semiconductor crystal A 
made of GaN single crystal was formed through HVPE 
while the exposed portions of the stripe-shaped erosion 
30 remains parts served as the initial crystal growth fronts. 
[0271] Finally the objective semiconductor crystal A 
was grown by crystal growth until its thickness becomes 
about 250|i,m. At the early stage of the growing process 
the GaN grows both In lateral and longitudinal direc- 
ts tions. After each parts of the GaN layer is connected 
with each other and grows to become at least a series 
of approximately flat surface, the GaN grows in longitu- 
dinal direction. 

[0272] In this embodiment, transversal -type HVPE 
"fo was employed. And ammonia (NH3) was used as a 
group V material and gallium chloride (GaCI) obtained 
by reacting Ga and HC1 was used as a group 111 mate- 
rial. 

[0273] Accordingly, the exposed portions arranged at 
45 each side of the seed layer are buried primarily by lateral 
epitaxial growth, and then a semiconductor crystal A 
(GaN single crystal) having a desired thickness can be 
obtained by longitudinal growth (FIG. 90). Here a sign 
R in FIG. 90 represents a cavity. 

50 

4. Separation process 

[0274] The semiconductor crystal A was cooled down 
from 1100°O to approximately ambient temperature at 
55 a cool rate of 1 .5''0/mln. As a result, exfoliation (or peel- 
ing off) occurs around the AIN buffer layer 102 (first 
seed layer), to thereby obtain the free-standing semi- 
conductor crystal A (GaN single crystal) which has a de- 
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cording to claim 1 , wherein said substrate layer and 
said base substrate are cooled or heated to gener- 
ate stress owing to difference of thennal expansion 
coefficients of said substrate layer and said base 
5 layer and said projection part Is broken by utilizing 
said stress. 

3. A method for producing a semiconductor crystal In 
which asubstrate layer comprising a group III nitride 
10 compound semiconductor is formed on a base sub- 
strate by applying a lateral crystal growth effect, 
comprising the steps of: 

projection part forming process for forming a 
IS number of projection part on said base sub- 

strate; and 

crystal growing process for growing said sub- 
strate layer by crystal growth until each grown 
surface is connected with each other and grows 
20 to become at least a series of approximately flat 

surface, using at least a portion of the surface 
of said projection part as an initial grown sur- 
face on which said substrate layer starts to 
grow, 

25 

wherein in said crystal growing process the 
value of (b-a), or difference of crystal growth veloc- 
ity 'b' of group III nitride compound semiconductor 
on the peak point of the projection part and crystal 

30 growth velocity 'a' of group tit nitride compound 
semiconductor on at least a portion of the exposed 
region of each valley part, which is each interval of 
said projection parts of said base substrate, is con- 
trolled to become approximately maximum by con- 

35 trolling supply amount q of raw material of a group 
III nitride compound semiconductor. 



sired thicl<ness and is independent from the base sub- 
strate 101 as shown in FIG. 9D. 
[0275] Further, in addition to the buffer layer, a middle 
layer having approximately the same composition (e.g., 
AIN, AIGaN) as the AIN buffer layer 102 may be formed 
periodically, alternatively with other layers, or deposited 
to comprise a multiple layer structure. 
[0276] By deposition such a buffer layer (or a middle 
layer), stress caused by difference of lattice constants 
and acting to the semiconductor crystal A may be re- 
laxed by the same action principle as the conventional 
one, to thereby Improve crystallinity of the device. 
[0277] In the separation process, in order to decrease 
a temperature of the base substrate and the substrate 
crystal A, they may be left in a reaction chamber of a 
growth apparatus and cooled to approximately ambient 
temperature at a cooling rate of about -100°C/min to 
-0.5°G/min under condition that ammonia {NH3) gas is 
flown at an approximately constant flowing rate. When 
the cooling rate is too fast, cracks may be generated In 
the semiconductor crystal A. 

[0278] Alternatively, the separation process may be 
carried out by employing the stress caused by difference 
of lattice constants of the base substrate and the semi- 
conductor crystal A In the middle of the crystal growing 
process. 

[0279] While the present invention has been de- 
scribed with reference to the above embodiments as the 
most practical and optimum ones, the present invention 
is not limited thereto, but may be modified as appropri- 
ate without departing from the spirit of the invention. 

Claims 

1. A method for producing a free-standing semicon- 
ductor crystal which is Independent from a base 
substrate, in which a substrate layer comprising a 
group 1 1 1 nitride compound semiconductor is formed 
on a base substrate by applying a lateral crystal 
growth effect, comprising the steps of: 

projection part forming process for fomning a 
number of projection part on said base sub- 
strate; 

crystal growing process for growing said sub- 
strate layer by crystal growth until each grown 
surface is connected with each other and grows 
to become at least a series of approximately flat 
surface, using at least a portion of the surface 
of said projection part as an initial grown sur- 
face on which said substrate layer starts to 
grow; and 

separating process for separating said sub- 
strate layer and said base substrate by break- 
ing said projection part. 

2. A method for producing a semiconductor crystal ac- 



4. A method for producing a semiconductor crystal ac- 
cording to claim 1 or 2, wherein in said crystal grow- 

40 ing process the value of (b-a), or difference of crys- 
tal growth velocity 'b' of group III nitride compound 
semiconductor on the peak point of said projection 
part and crystal growth velocity 'a' of group III nitride 
compound semiconductor on at least a portion of 

45 the exposed region of each valley part, which is 
each inten/al of said projection parts of said base 
substrate, is controlled to become approximately 
maximum by controlling supply amount q of raw ma- 
terial of a group III nitride compound semiconductor. 

50 

5. A method for producing a semiconductor crystal ac- 
cording to claim 3 or 4, wherein the amount of ma- 
terial supply q is in a range of 1p.mol/min to 
100^mol/min. 

55 

6. Amethodforproducing asemiconductorcrystalac- 

cording to any one of claims 1 to 5, wherein silicon 
(Si) or silicon carbide (SiC) is used as a material of 



22 



41 



EP1 367150 A1 



42 



said base substrate. 

7. A method for producing a semiconductor crystal ac- 
cording to any one of claims 1 to 6, wherein SI (1 11 ) 

is used as a material of said base substrate and said 5 
projection part is fomried so that SI (111) surface is 
not exposed at the exposed part of said base sub- 
strate, which Is a valley part at an Interval between 
each projection part, in said projection forming proc- 
ess. 10 

8. A method for producing a semiconductor crystal ac- 
cording to any one of claims 1 to 7, further compris- 
ing a process for forming a buffer layer made of 
AlxGa-|.xN (0<x^1) at least on the surface of said ^5 
projection part after said projection part forming 
process. 

9. A method forproducing a semiconductor crystal ac- 
cording to any one of claims 1 to 8, wherein thick- 20 
ness of said buffer layer Is the same or less than 
height of said projection part in longitudinal direc- 
tion. 

10. A method for producing a semiconductor crystal ac- 25 
cording to any one of claims 1 to 9, wherein thicl<- 
ness of said substrate layer is 50p,m or more in said 
crystal growing process. 

11. A method for producing a semiconductor crystal ac- 30 
cording to any one of claims 1 to 10, wherein said 
crystal growing method is changed halfway from a 
slower crystal growth to a faster crystal growth in 
said crystal growing process. 

35 

12. A method for producing a semiconductor crystal ac- 
cording to any one of claims 1 to 1 1 , wherein each 
projection part Is arranged at approximately con- 
stant Interval or in approximately a constant period 

in said projection part forming process. ^0 



arranging interval between each projection part is 
in a range of 0. 1 jim to 1 0jxm in said projection form- 
ing process. 

16. A method for producing a semiconductor crystal ac- 
cording to any one of claims 1 to 1 5, wherein height 
of said projection part In longitudinal direction is In 
a range of 0.5^m to 20jim In said projection part 
forming process. 

17. A method for producing a semiconductor crystal ac- 
cording to any one of claims 1 to 1 6, wherein thick- 
ness in lateral direction, width, or diameter of said 
projection part Is in a range of 0.1 ^xm to lO^im In 
said projection part forming process. 

1 8. A meth od for producing a semiconductor crystal ac- 
cording to any one of claims 1 to 17, further com- 
prising the steps of at least one of various kind of 
etching, electron rays Irradiation treatment, optical 
treatment such as Irradiating laser, chemical treat- 
ment, and a physical treatment such as cutting and 
grinding before said crystal growing process, 
wherein crystallinity or atomic structure of at least 
a portion of said valley part existing between each 
projection part of said base substrate is deteriorated 
or changed in order to decrease crystal growth ve- 
locity 'a' of said exposed region of said group 111 ni- 
tride compound semiconductor. 

19. A method for producing a semiconductor crystal ac- 
cording to any one of claims 1 , 2 and 4 to 1 8, where- 
in said substrate is cooled to approximately ambient 
temperature at a cooling rate of about -lOCC/mln 
to -0.5°C/min under condition that said substrate 
comprising said base substrate and said substrate 
layer remains In a reaction chamber and ammonia 
(NH3) gas Is flown at an approximately constant 
flowing rate in said reaction chamber of a grown ap- 
paratus in said separating process. 



13. A method forproducing a semiconductor crystal ac- 
cording to claim 12, wherein said projection part Is 
formed on each lattice point of a two-dimentional 
triangle lattice which is based on an approximately ^5 
equilateral triangle having aside in length of OA\im 

or more in said projection part forming process. 

14. A method forproducing a semiconductor crystal ac- 
cording to any one of claims 1 to 13, wherein a so 
shape of the horizontal section of each projection 
part is an approximately equilateral triangle, an ap- 
proximately, equilateral hexagon, an approximately 
circle and a quadrangle in said projection part form- 
ing process. 55 

1 5. A method for producing a semiconductor crystal ac- 
cording to any one of claims 1 to 14, wherein an 



20. A method for producing a semiconductor crystal ac- 
cording to any one of claims 1 , 2 and 4 to 1 9, further 
comprising a removing process for removing re- 
mains of ruptured projection part remaining at the 
back surface of said substrate layer by using a 
chemical or physical treatment such as etching at 
least after said separating process. 

21. A group 111 nitride compound semiconductor light- 
emitting device comprising a semiconductor crystal 

as a crystal growth substrate which is produced by 
a method according to any one of claims 1 to 20. 

22. A group III nitride compound semiconductor light- 
emitting device comprising a crystal growth sub- 
strate, which is produced by a method according to 
any one of claims 1 to 20 as a crystal growth sub- 
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strate, wherein said group III nitride compound 
semiconductor light-emitting device is grown on 
said substrate by crystal growth. 

23. A method for producing a semiconductor crystal in 
which a semiconductor substrate is formed by 
growing a semiconductor crystal A comprising 
group III nitride compound semiconductor on a 
base substrate, which is made of silicon (Si), by us- 
ing lateral crystal growth, comprising the steps of: 

a reaction prevention process for forming a re- 
action prevention layer, which is made of a ma- 
terial B whose melting point is higher than that 
of the semiconductor crystal A, on said base 
substrate; 

a projection part fomning process for forming 
numbers of projection parts from said reaction 
prevention layer by employing chemical or 
physical etching, without exposing the side of 
said base substrate on which said reaction pre- 
vention layer is formed; and 
a crystal growing process wherein at least a 
portion of the surface of said projection part is 
used as an initial growth surface on which crys- 
tal growth of said semiconductor crystal A starts 
first, and said semiconductor crystal A is 
fonned by crystal growth until each growth sur- 
face Is connected to become a series of an ap- 
proximately flat surface. 

24. A method for producing a semiconductor crystal ac- 
cording to claim 23, wherein said semiconductor 
crystal A comprises a group ill nitride compound 
semiconductor having a composition of Alj^- 
Gayln-(^.x-y)N (0^x<1, 0<ysl , 0<x+y^1). 

25. A method for producing a semiconductor crystal ac- 
cording to claim 23 or 24, wherein silicon carbide 
(SIC), aluminum nitride (A1N), or spinel (MgAl204) 
is used as monocrystalline material B fomiing said 
reaction prevention layer. 

26. A method for producing a semiconductor crystal ac- 
cording to claim 23 or 24, wherein AlGaN, AlInN, or 
AIGaInN, in which aluminum composition ratio is at 
least 0.30 or more, is used as monocrystalline ma- 
terial B forming said reaction prevention layer. 

27. A method for producing a semiconductor crystal ac- 
cording to any one of claims 23 to 26, wherein a 
cavity in which said semiconductor crystal A is not 

deposited is formed at each interval of said projec- 
tion parts by growing each growth surface in lateral 
direction and connecting it with each other. 

28. A method for producing a semiconductor crystal ac- 
cording to any one of claims 23 to 27, wherein thick- 



ness of said valley part of said reaction prevention 
layer between each projection parts is In a range of 
0.1 ^im to 2[im, 

5 29. Amethodforproducing asemiconductorcrystal ac- 
cording to any one of claims 23 to 28, wherein said 
projection part is formed to have longitudinal length 
of 0.5\im to 20nm in said projection part fomrilng 
process. 

10 

30. A method for producing a semiconductor crystal ac- 
cording to any one of claims 23 to 29, wherein said 
projection part Is formed to have lateral length, 
width, or diameter of 0.1 |im to lOjxm in said projec- 

^5 tion part forming process. 

31 . A method for producing a semiconductor crystal ac- 

cording to any one of claims 23 to 30, further com- 
prising a separation process for separating said 

20 semiconductor crystal A and said base substrate, 
wherein stress owing to difference of thermal ex- 
pansion coefficients is generated by cooling or 
heating said semiconductor crystal A and said base 
substrate, and said projection part is broken by us- 

25 Ing said stress. 

32. Amethodforproducing asemiconductorcrystal ac- 
cording to any one of claims 23 to 31 , wherein said 
semiconductor crystal A is deposited to have thick- 

30 ness of SOjim or more in said crystal growing proc- 
ess. 

33. A method for producing a semiconductor crystal ac- 
cording to any one of claims 23 to 32, wherein the 

35 value of (b-a), or difference of crystal grov\rth veloc- 
ity 'b' of group 111 nitride compound semiconductor 
on the peak point of the projection part and crystal 
growth velocity 'a' of group III nitride compound 
semiconductor on at least a portion of said etched 

40 region of each concave, which is each interval of 
said projection parts of said base substrate, Is con- 
trolled to become approximately maximum by con- 
trolling supply amount q of raw material of a group 
III nitride compound semiconductor in said crystal 

45 growing process. 

34. A method for producing asemiconductorcrystal ac- 
cording to claim 33, wherein raw material supply q 
is arranged in a range of Ifimol/min to lOOjxmoI/ 

50 min. 

35. Amethodforproducing a semiconductor crystal ac- 
cording to any one of claims 23 to 34, wherein a 
buffer layer C comprising Al^Ga^.^N (0<x<1) is 

55 formed on at least the surface of said projection part 
after said projection part forming process. 

36. Amethodforproducing a semiconductor crystal ac- 
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cording to claim 35, wherein said buffer layer is 
formed to have thickness of 0.01 p.m to Ijim. 

37. A method for producing a semiconductor crystal ac- 
cording to any one of claims 23 to 36, wherein said 
projection part Is arranged at an approximately 
equal interval or In an approximately equal period 
In said projection part fonning process. 

38. A method for producing a semiconductor crystal ac- 
cording to claim 37, wherein said projection part is 
formed on a lattice point of a two-dimenttonal trian- 
gle lattice which is based on an approximately equi- 
lateral triangle having a side in length of 0.1 fim or 
more in said projection part fonning process. 

39. A method for producing a semiconductor crystal ac- 
cording to any one of claims 23 to 38, wherein the 
shape of the horizontal section of said projection 
part is an approximately equilateral triangle, an ap- 
proximately equilateral hexagon, an approximate 
circle, an approximate rectangle, an approximate 
rhombus and an approximate parallelogram in said 
projection part forming process. 

40. A method for producing a semiconductor crystal ac- 
cording to any one of claims 23 to 39, wherein each 
projection part is arranged at an Interval of 0.1 ^im 
to 10p.m in said projection part forming process. 

41. A method forproducing a semiconductor crystal ac- 
cording to any one of claims 23 to 40, wherein said 
reaction prevention layers are formed on the sur- 
face and the back surface of said base substrate In 
said reaction preventing process. 

42. A group III nitride compound semiconductor light- 
emitting device comprising said semiconductor 
crystal as a crystal growth substrate which is formed 
by a method according to any one of claims 23 to 41 . 

43. A group III nitride compound semiconductor light- 
emitting device being fomied on said semiconduc- 
tor crystal as a crystal growth substrate, which Is 
produced by a method according to any one of 
claims 23 to 41 . 

44. A method for producing a free-standing semicon- 
ductor crystal In which a semiconductor crystal 
comprising a group III nitride compound semicon- 
ductor is grown on a base substrate and a semicon- 
ductor crystal A having excellent quality and inde- 
pendent from said base substrate is obtained, com- 
prising the steps of: 

a seed depositing process in which a seed layer 

having single layer structure or multiple layer 
structure and comprising a group III nitride 



compound semiconductor is deposited on said 
base substrate: 

an erosion remains part fonning process In 
which a portion of said base substrate on which 
5 said seed layer is deposited is eroded by chem- 

ical or physical treatment so that said seed lay- 
er remains on said base substrate partially or 
In scattered manner; 

a crystal growing process In which the exposed 
10 portions of said erosion remains parts of said 

seed layer served as said Initial crystal growth 
fronts from which said semiconductor crystal A 
starts to grow by crystal growth and each crys- 
tal growth front is connected with each other un- 
is til It becomes at least a series of approximately 

flat surface; and 

a separation process for separating said semi- 
conductor crystal A and said base substrate by 
breaking said erosion remains parts. 

20 

45. A method for producing a semiconductor crystal ac- 
cording to claim 44, wherein said semiconductor 
crystal A is fomied to have thickness of 50^im or 
more In said crystal growing process. 

25 

46. A method for producing a semiconductor crystal ac- 
cording to according to claim 44 or 45, wherein 
stress owing to difference of thermal expansion co- 
efficients is generated by cooling or heating said 

30 semiconductor crystal A and said base substrate 
and said erosion remains part is broken by using 
said stress. 

47. Amethodforproducing asemlconductorcrystalac- 
35 cording to any one of claims 44 to 46, wherein at 

least one of said seed layer and the uppermost layer 
of said seed layer Is made of gallium nitride (GaN). 

48. Amethodforproducing a semiconductor crystal ac- 
"^0 cording to according to any one of claims 44 to 47, 

wherein at least one of said seed layer and the bot- 
tom layer of said seed layer is made of aluminum 
nitride (AIN). 

^5 49. Amethodforproducing a semiconductor crystal ac- 
cording to any one of claims 44 to 48, wherein each 
erosion remains part is arranged at an Interval of 
l^m to 50fim in said erosion remains part forming 
process, 

50 

50. Amethodforproducing a semiconductor crystal ac- 
cording to any one of claims 44 to 49, wherein said 
base substrate Is eroded to a depth of 0.01 |im or 
more in said erosion remains part forming process. 

55 

51. Amethodforproducing a semiconductor crystal ac- 
cording to any one of claims 44 to 50, wherein thick- 
ness in lateral direction, width, or diameter of said 
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projection part is in a range of 0,1 to 20|inn in 
said erosion remains part forming process. 

52. A method forproducing a semiconductor crystal ac- 
cording to any one of claims 44 to 51 , wherein said 5 
crystal growth method is changed halfway from a 
slower crystal growth to a faster crystal growth In 
said crystal growing process. 

53. A method forproducing a semiconductor crystal ac- io 
cording to any one of claims 44 to 52, further com- 
prising the step of a remains removing process at 
least after said separation process wherein said 
rupture remains of said erosion remains part left on 

the back surface of said semiconductor crystal A is 15 
removed by chemical or physical treatment such as 
etching. 

54. A group 111 nitride compound semiconductor light- 
emitting device comprising said semiconductor 20 
crystal a crystal growth substrate which is produced 

by a method according to any one of claims 44 to 53. 

55. A group III nitride compound semiconductor light- 
emitting device being produced by a crystal growth 25 
on a crystal growth substrate which is produced by 

a method according to any one of claims 44 to 53. 
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